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Page  2. 

The  book  is  dedicated  to  the  questions  of  theory  and 
calculation  of  the  electromagnetic  relays  of  direct  current 
for  radio-electronic  equipment  for  automation  and  equipment 
for  communication/connection. 

Are  examined  physical  processes  of  the  occurring  in  the 
work  electromagnetic  relay,  are  presented  the  analytical  and 
graphoanal ytical  methods  of  the  calculation  of  these  relays, 
are  described  constructions  and  are  given  experimental 
materials  for  the  fundamental  types  of  relay. 

The  book  can  serve  as  textbook  for  the  students  of 
electrical  VUZ  [ - Institute  of  Higher  Education]  and 

departments  and  as  management/manual  for  engineers  5 nd 
technicians,  working  in  the  range  of  calculation, 
construction  and  application/uses  of  electromagnetic  relays 
and  mechanisms. 
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Page  3. 

PREFACE. 

Electromagnetic  relays  are  one  o 
cell/elements  of  radio-electronic  equi 
applied  in  many  contemporary  systems 
telemechanics  and  electric  coupling. 

In  recent  years  are  reached  the 
construction  and  production  of  the  d 
but  for  the  further  improvement  of 
expansion  of  production  and  applicat.i 
and  means  of  automation  and  computer 
necessary  to  enforce  work  in  the  ra 
designs  of  elect romagnetic  mechanisms. 

Are  extremely  insufficiently  deve 
the  calculation  of  magnetic,  electric 
rainiature/small  relays  both  static  an 
Are  very  little  studied  the  problems 
contact  resistance  and  reliability  of 
and  also  the  effect  of  climatic  and 
the  work  of  relay. 


f the  most  important 
pment.  They  wifely  are 
of  automation. 


and  also  in 

computers. 

large  succ 

3S39S 

i n 

iverse  types 

of 

re  lay. 

constructions 

an  d 

on/use  of  i 

nst  r uaen  ts 

technology , 

it 

is 

nge  of  theory  and 

loped  the  questions  of 
al  and  design  parameters 
d especially  dynamic, 
of  wear,  erosion,  of 
weak-current  contacts, 
mechanical  effects  on 
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The  difficulties  of  calculation  are  determined  by  the 
complexity  of  composition  and  by  the  impossibility  of  the 
exact  solution  of  the  nonlinear  equations  by  which  are 
described  the  processes  occurring  in  electromagnetic  relays. 


The  nonlinearity  of  equations  is  explained  by  the  need 
the  combined  account  of  the  numerous  factors:  the 

nonlinearity  of  magnetization  curve;  the  nonuniformity  of 
magnetic  flux  distribution  in  air  gap  and  in  magnetic 
circuit;  the  inconstancy  of  the  effort/forces,  which 

counteract  to  the  motion  of  armature;  eddy-currents  effect, 
hysteresis  and  reactive  emf,  induced  in  the  winding  of 
relay  during  the  motion  of  armature,  etc. 


On  the  strength  the  above  the  general  analytical 
methods  of  the  calculation  of  electromagnetic  relays  are  by 
so  complex  and  bulky  that  in  the  majority  of  cases  the 
calculation  cannot  be  made  with  the  necessary  accuracy 
without  the  application/use  of  the  auxiliary  experimentally 
determined  coefficients  and  curve/graphs.  Therefc.e  in  the 
proposed  book  considerable  attention  is  devoted  to  the 
grapho-analytic  (engineering)  methods  of  calculation  and  to 


i 
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the  empirical  formulas,  which  have  largely  original 
character. 

Page  4. 


The 

first  edition  of 

this 

book 

was 

wr 

itten  on 

the 

base  of 

text 

book  on  the  c 

ourse 

of 

rela 

y 

( 

"Cal  culj. 

.on  of 

telephone 

a nd 

code  relays". 

GEI, 

1 94 

7)  , 

w 

hi 

c h over 

a number 

of  years 

was 

read  by  auth 

or  in 

the 

Le 

ni 

ng 

rad  6-lec 

trical 

institute 

of 

the  communicat 

ion /connect 

ion 

i 

n 

the  nam 

e of 

Prof.  Pi. 

A. 

Bonch-Bruyevich 

. The 

sec 

ond. 

re 

worked  a 

nd 

enlarged 

edit 

ion  appeared  i 

n 196 

1. 

In 

t he 

proposed  third 

publi 

cat  io 

n a 

re 

reworked 

and 

su  pplement  ed 

in  comparison 

with 

the 

seco 

nd 

edition 

the 

first,  fourth 

, ninth,  thirt 

eent  h. 

fif 

teen 

t h 

a 

sixteent 

h. 

seventeenth,  eighteenth  and  twenty  first  of  chapter  and  are 
introduced  new  in  the  content  twelve  chapter  and  new  §§ 
1-25,  4-13,  13-5,  13-6,  13-7,  13-8,  15-3  and  17-3. 

Additions  are  made  because  of  the  exception/elimination  of 
the  calculation  of  the  relay  of  alternating  current, 
semiconductor  rectifiers,  rectifying  and  thermoelectric  relays. 


In  this  edition  are  examined  new  materials  on  the 
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reliability  of  relay,  are  given  new  more  precise  formulas 

for  the  calculation  of  the  attracting  force  and 

determination  or  the  optimum  size/dimensions  of  magnetic 
circuit,  are  given  the  new  simplified  formulas  for  the 

calculation  of  the  temperature  of  the  overheating  of  the 
winding  of  relay  and  are  refined  some  theoretical 

conclusions.  Is  examined  the  effect  of  climatic  and 
mechanical  effects  on  the  work  of  relay,  is  presented  brief 

information  on  tuned-reed  relay  and  are  supplemented 
materials  on  polarized,  magnitoelectric,  uvular  and  mercury 
switch,  and  also  contacts  and  spark  extinguishing. 


Author  expresses  appreciation  ^ K Shtremberg  for  the 
given  materials  on  reliability,  the  effect  of  climatic  and 
mechanical  effects,  on  the  investigation  of  the  polarized 
and  magnitoelectric  relays,  spark  extinguishing,  and  contacts, 
Cand.  of  tech.  sciences  V.  V.  Vishniovskiy  and  L.  A. 


Dobroserdo  v 

for 

the 

execution  of 

a series 

of 

exper imen  tal 

works,  and 

also 

to 

the  reviewer 

of  Cand. 

of 

tech.  sciences 

V.  Z.  Royzen  for  a series  of  valuable  observations. 


Author  will  be  grateful  to  the  readers  whom  will 
consider  possible  to  send  their  observations  and  wishes  to: 

Leningrad,  d-41,  Narsovo  pole,  d.  1,  Leningrad  division  of 

publishing  house  "Energy**. 
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Page  5. 

INTRODUCTION. 

V— 1.  Determination  and  classification  of  relay. 

The  instruments,  which  realize  in  equipment/devices  of 
automation  abrupt  control  of  the  parameters  of  secondary 
process  under  the  action  of  changes  within  certain  limits 
of  the  value  of  primary  process,  are  called  of  relay. 

Relays  are  one  of  the  fundamental  elements  of  many 
systems  of  automation,  telemechanics  and  electrical 
communication.  They  make  it  possible  to  carry  out  necessary 

interaction  and  required  sequence  in  the  operation  of  the 

individual  parts  of  the  systems  (instruments)  of  automation 
and  telemechanics. 

The  dependence  between  secondary  y and  primary  x the 
parameters  is  called  control  characteristic  of  relay  (Fig. 
V-1).  With  an  increase  in  parameter  x from  zero  up  to 
value  the  value  of  the  parameter  ym  does  not  change, 

moreover  value  Van  for  the  most  part  is  equal  to  zero.  At 

that  torq ue/momen t when  parameter  x reaches  value 
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parameter  y changes  with  jump  from  value  ym  to  value  K0- 

(Time  of  a change  in  parameter  y is  determined  by  transit 

i 

> time).  With  a further  increase  in  parameter  x up  to  value 

• the  value  of  parameter  y remains  constant/invariable. 

During  a decrease  in  parameter  x down  to  the  value, 
equal  to  Xo»n.  the  value  of  parameter  y also  does  not  change 
and  only  at  value  x,  equal  to  ion,,  parameter  y abruptly 
decreases  to  ymaa. 

Value  |T  = T[[lff,  is  called  the  parameter  of  the  function 
of  relay,  a * “ x am  ~ by  the  parameter  of  the 
release/tempering  of  relay. 
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Fig.  V—  1. 


relay . 


Page  6. 

Relation  iwil  to  *cp«o  is  called  the  relay  reset 
coefficient  *,  = — while  relation  to  xcim6  by  a 

*op«o 

coefficient  of  reserve  (from  the  governing  parameter  x)  AT,  = 

[ 1-1]. 

To  the  input  parameter  Xctme  corresponds  the  power  of 
function  or  the  driving  power  Pcp , which  must  be  conducted 
to  receptor  for  bringing  into  action  (functions)  of  relay. 
The  power,  repeatedly  switched  by  the  actuating  element  of 
relay,  is  called  the  controlled  power  Py. 

The  ratio  of  the  controlled  power  to  the  power  of 
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function  is  called  the  control  ratio  of  relay  ky  = — I. 


Depending  on  the  physical 

nature  of 

the 

phenomena  for 

which  the  relay  is  intended  to 

react. 

relay 

are 

divided 

cn : 

a)  electrical,  b)  thermal. 

c) 

mechanical. 

d) 

m agnetic. 

e) 

optical,  f)  acoustic,  g)  liquid 

and 

gas. 

otc. 

Is  swept  the  classification 

of 

all 

forms 

of 

relay  it 

is 

given  in  B.  S.  sotskova’s 

book 

[ 

1-2]; 

her 

a is  giv 

the 

incomplete  classification  of 

mainl  y 

electrical 

relays. 

According  to  the  principle  of  equipraent/device  of 
receptors,  electrical  relays  are  divided  into:  a) 
electromagnetic  (neutral),  b)  (electromagnetic)  polarized,  c) 
magnitoelectric,  d)  electrody  namic,  e)  induction,  f) 
electrostatic,  g)  electronic  and  ionic,  h)  rectifying,  i) 
semiconductor  and  others.  Resonance,  piezoelectric  and 
magnetostr icti ve  relays  are  related  to  mechanical  relay; 
composite  - to  thermal  and  photoelectric  - to  optical. 

According  to  the  operating  principle  of  actuating 
elements  electrical  relays  divide  into  the  contact  and 
noncontact.  Noncontact  relays  affect  the  controlled  circuit 
by  sharp  (abrupt)  changing  the  parameters  (inductance. 


DOC 


78012401 


PAGE 


capacitance/capacity,  etc.)  of  the  actuating  element, 
connected  in  the  controlled  circuit;  to  noncontact  are 
related  magnetic,  electronic,  ionic  and  other  relays. 


Depending  on 

the 

hind 

of  the 

control  current  of  relay 

they  are 

divided 

in  to 

the 

relay  o 

f direct  and  alternating 

current. 

Depen 

ding  on 

the 

physical  quantity 

frcm  which  the  rela 

must  wear 

/operate 

, they 

are 

di vided 

on 

current  relay. 

voltage. 

power. 

resistor/resistance. 

frequency,  time,  etc. 

In  t 

he  amou 

nt  of 

t he 

req  uired 

power  during  the 

function 

of  the 

relay 

ate 

possible 

to 

divide  into  highly 

sensitive 

(to  10 

mW)  , 

sensitive  (t 

o 0. 

1 W)  and  normal 

(more  than  0.1  U)  . 

Page  7. 

Depending  on  the  amount  of  the  switched  power, 
distinguish:  a)  the  relay  for  the  commutation  of  the 
circuits  of  small  power  (to  60  w of  direct  current  or  to 
120  volt-amperes  of  alternating  current  by  frequency  50-1000 
Hz);  b)  of  relay  for  the  commutation  of  the  circuits  of 
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average  power  (to  150  W ot  direct  current  or  500 
volt-amperes  of  alternating  current);  c)  of  relay  for  the 
commutation  of  the  circuits  of  increased  power  (more  than 

150  W of  direct  current  or  500  vclt-am peres  of  alternating 
current)  and  of  d)  contactors  (more  than  500  W) . 

On  time  of  the  action  of  relay  it  is  possinle  to 
divide  on:  a)  u ltra- high-speed  (having  triggering  times  and 

release/tempering  to  5 ms),  b)  high  speed  (to  50  ms),  c) 

normal  (to  150  ms),  d)  those  who  were  retarded  (to  1 s) 

and  e)  the  time”  relay  (more  than  1 s)  . 


Depending  on  the  designation/purpose  of  relay,  are 


divided  on 

: a)  the 

relay  of  radio- 

-electronic 

automation,  b) 

with  the 

relay  of 

electrical  communication,  c) 

the  relay  of 

control  of 

elect  ric 

drives,  d)  the 

relay  of 

the  protection 

cf  power 

systems. 

e)  the  relay  of 

automatic 

block  system. 

etc. 

Depending  on  the  made  functions  of  relay,  can  be 
divided  on:  a)  commutation,  b)  amplifier  and  c)  the 
controls  or  measuring  [ 1-3], 


To  commutation  are  related  the  relays. 


which  realize 
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interactions  and  communication/connections  in  relay 
Commutation  relays  most  frequently  are  applied  in  the 
circuits  of  automation,  telemechanics,  signaling  and 
electrical  communication. 


Amplifier  relays  are  intended  for  amplifying  of  input 
electrical  signal  and  control  of  the  output  electrical 
circuit  of  large  power. 

Control  (or  measuring)  relays  are  utilized  for  the 
checking  (or  measurement)  of  the  assigned  magnitude  of 

electric  current  or  voltage. 

Each  form  of  electrical  relay  is  characterized  by  the 
specific  values  of  the  controlled  and  driving  power,  control 


ratio 

and 

time. 

The  exempla ry/approximate 

— j t 

limits  of 

these 

values 

for 

the 

different  forms  of  relay 

are  given 

in  'fable 

V-  1. 
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Table  V-1.  Exemplary/approximate  power  coefficients  of 
function,  controlled  power,  control  ratios  and  triggering 
time  of  the  different  forms  of  electromagnetic  relays. 


0/ 

tax  PMC 

- 

Xoouiocn  f*J 

(Cs  Bpmfl 

_ l( 

cpafiaTtnunm 

^cp,  tm 

fymommocT* 

•»»» 

epidmiMRiiR 

*cp»  C*K 

djieitTpoMarHHTHUe 
nOJMpiSOBBHHUe  / 
MirHHToa.ieKTpit-  L 

xecxn 

<Vio-»  + io* 

■ 10  * 4-5  • 10-> 
t) 

10-io-MO-* 

J 10  “*  -4- 10* 

v io-**  + io-* 

j) . 10*  -J- 10"* 

uj  i tr»  + nr* 

1(T«  + 10* 

1 + 20 

0,1+2 

10* + 10* 
io-»  + 10* 
10*  + 10* 

tir*  + io* 

10*  + 10* 
10*  + 10* 

10* + 10* 
10*  + 10« 
10*  + 10* 
10*  +10* 
10*  + 10* 

2 10-*+2  10-i 

Hr*  + 2 ■ io* 

10*  + 5 10-> 
10-»  + 10» 
10**  + 10-» 
10*  + 10* 
itr*  + io-* 

MHAyKpBOHHUe  .6' 
SjieKTpoHHue  . .(/ 

MoHHue 1. 

Uarwnuie  . . . L 

of  relay.  (2).  Power  of  function  of  W. 

power  W.  (4).  Control  ratio.  (5). 

of  s.  (6).  Electromagnetic.  (7). 

Magn itoelectric.  (9).  induction.  (10). 

Ionic.  (12).  Magnetic. 


Fage  8. 


Key:  (1) . Form 

(3).  controlled 
Triggering  time 
Polarized.  (8)  . 
Electronic.  (11) 


Depending  on  overall  dimensions  and  weight  contemporary 
airtight  relays  for  radio-electronic  equipment  can  be  divided 
into  three  groups:  a)  the  miniature/small  relays  with  six 
or  four  stud  switches,  which  have  the  space  of  less  40 
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cm3  and  the  weight  of  less  150  g;  b)  the  miniature  relays 

with  two  stud  switches,  which  have  space  from  3-5  to  8 

cm 3 and  weight  from  10  to  30  g and  c)  the  subminiature 

relays  with  one  or  two  stud  switches,  which  have  the  space 
of  less  3.8  cm3  and  the  weight  of  less  10  g. 

V-2.  Electromagnetic  relays. 

Theory  and  the  calculation  of  all  varieties  of  the 
relays,  used  in  automation  and  telemechanics,  briefly  are 
set  forth  in  the  common/gener al/total  courses  of  the 
cell/elements  of  automatic  and  telemechanical  eguipraant  [ 

1-2],  in  this  book  are  examined  in  more  detail  in  essence 

only  electromagnetic  relays,  used  mainly  in  radio-electronic 

equipment  for  automation  and  equipment  for  electrical 
conmun  icat  ion. 


Electromagnetic  they  are  called  the  relays  whose  action 
is  based  on  interaction  between  ferromagnetic  armature  and 
the  magnetic  field  of  the  current-passing  winding. 
Electromagnetic  relays  are  divided  into  neutral  and  those 
who  were  polarized. 
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In  electromagnetic  neutral  relays  working  magnetic  flux 
is  created  with  the  aid  of  windings.  The  work  of  relay 

depends  only  on  the  value  of  the  current,  which  takes 

place  through  the  winding,  and  it  does  not  depend  on 
direction  of  flow. 

The  polarized  electromagnetic  relays  have  two  independent 
magnetic  fluxes:  the  polarizing  and  worker. 

The  polarizing  magnetic  flux  is  created  largely  by  the 
permanent  magnet  (sometimes  by  electromagnet),  and  working 

flow  - by  the  curre nt- passing  winding.  Therefore  the  action 
cf  polar  relays  depends  on  the  direction  of  direct  current 
in  inducing  winding. 
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effect  on  it  of  magnetic  flux,  electromagnetic  relays  are 
divided  on:  with  relay  with  the  external  attract/tightened 
armature  (valve  type  relay),  relay  with  the  pulled  armature 
(solenoid  type  relay)  and  relay  with  the  external 
transversely  moving  (rotary)  armature  (rotary  type  relay). 

Page  9. 

Figure  V- 2 shows  the  outlines  of  some  versions  of  the 
magnetic  systems  of  relay  of  valve  (a),  solenoid  (b)  and 
rotary  (c)  types. 

Page  9. 


The 

majority  of  the 

relays,  used 

in  radio-electronic 

* 

equipment 

for  automation 

and 

equipment 

for 

commun icat ion/connection. 

until 

recentl y 

had  valve  type 

magnetic  system.  Received  at  present  wide  acceptance  rotary 
type  magnetic  systems- 

The  short  description  of  the  constructions  of  the 
fundamental  types  of  these  relays  is  given  in  the  first 
chapter. 
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In  recent  years  received  vide  acceptance  the  electronic, 
semiconductor  and  magnetic  noncontact  switching 
equipment/devices.  However,  in  the  majority  of  cases,  they 
cannot  replace  electromagnetic  relay.  Is  explained  this  to 
the  fact  that  the  electromagnetic  relays  have  very  low 
contact  resistance  of  the  locked  contacts  (less  than  0.1 
ohm),  the  virtually  infinite  resistor/cesistance  of  the 
circuit  of  dead  contacts  (more  than  1000  MO),  allow/assume 
considerable  short-term  overloadings  in  the  circuits  of 
contacts  and  windings,  they  make  it  possible  to 
simultaneously  switch  several  independent  (galvanically  not 
connected)  electrical  circuits  (2,  4,  6,  8 and  more  than), 
have  relatively  smaller  overall  dimensions,  smaller  weight 
and  considerably  lower  cost/value. 
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governing  and  performing  circuits;  if  necessary  for  the 
commutation  of  several  circuits,  the  semiconductor  devices 
strongly  become  complicated.  A voltage  drop  across  the 

switching  device  is  very  great  (1.0-1. 5 \l  ),  its 
resistor/resistance  is  also  great  (more  than  2 ohm)  ; in  the 
extended  state  the  resistor/resistance  of  performing  circuit, 
on  the  contrary,  is  small  (1-10  Mfl)  . Furthermore, 
transistors  are  very  sensitive  to  the  current  variations  and 

voltages,  which  exceed  nominal  values,  and  they  are 

characterized  by  small  thermal  stability.  Therefore  the 
semiconductor  switching  devices  have  great  advantage  over 


electromagnetic  relays  only  when  is  required  very  high  speed 


cf  response  and  release/temperings,  order  of  dozens  of 
microsecon ds,  since  triggering  time  of  electromagnetic  relays 


approximately  100-1000  times  no  longer  is  within  the  limits 
from  1 to  25  ms. 

V-3.  Fundamental  requirements,  presented  to  relay. 

To  the  electromagnetic  relays,  used  in  radio-electronic 
equipment  and  equipment  for  communication/connection,  are 
presented  very  many  the  most  diverse  requirements  which 
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usually  cannot  be  completely  satisfied  in  one  universal 
construction.  These  relays  must  have  small  overall  dimensions 
and  light  weight,  a sufficiently  large  quantity  of 
performing  contacts  (contact  springs),  the  small  required 
power  (high  sensitivity),  high  reliability,  the  large 
switched  power,  short  triggering  time  and  release/tempering, 
the  possibility  of  obtaining  the  considerable  time  dilation 
of  release/tempering  or  function  (of  the  telephone  relay), 
large  service  life,  large  wear  resistance,  the  rigid  and 
rugged  construction,  which  ensures  sufficient  vibration-  and 
impact  resistance,  reliable  and  stable  work  during  the 
considerable  fluctuations  of  ambient  temperature  and  humidity 
during  long  time,  and  it  is  also  possible  simpler  and 
cheaper  in  structural  design. 

Therefore  for  purposes  of  automation,  telemechanics  and 
ccmmunication/connection,  it  is  necessary  to  have  a large 
quantity  of  different  types  of  relay. 


The  contemporary  electromagnetic  relays  of 


communication/connection 

have  to 

24-30 

contacts 

(to  48-60 

contact  springs). 

The 

specific 

volume 

of  these 

relays  is 

approximately  8.7 

cm3 

to  one 

pair  of 

con  tact 

springs.  Power 

of  function  with 

one 

circuit 

clos ing 

contact 

(the 

I 
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"sensitivity”  of  relay)  by  12  mW.  Shortest  triggering  time 

and  release /tempering  2-3  ms. 

Page  11. 

^50-500  million  commutations  (triggerings)  and  the  service  period  j 

Sear  resistance  of  relay  of  up  to^  is  pp  to  20-40  years. 

Shortest  triggering  tiae  of  the  high  speed  electromagnetic 

relays  of  automation  of  approximately  0.5  ms  (of  the 

breaking  contact)  and  1.0  ms  (of  circuit  closing  contacts). 
The  releasing  time  of  these  relays  is  respectively  equal  to 
0. 3-  1. 0 ms. 

Many  types  of  contemporary  electromagnetic  relays  for 
radio-electronic  equipment  for  automation  are  manufactured  in 
pressurize  d/sealed  performance  and  are  designed  for  operation 
in  mobile  units  with  considerable  vibrations  and  impacts, 
and  also  during  the  large  fluctuations  of  ambient 

temperature,  humidity  and  atmospheric  pressure. 

Contemporary  miniature/small  vibra ticn-proof  airtight 
electromagnetic  relays  for  radio-electrcnic  equipment  with  six 
stud  switches,  which  commutate  direct  current  to  2(5)  A 

with  voltage  28  V (or  alternating  current  of  up  to  2 A - 

115  Vi),  have  space  22-34  cm3  and  weight  70-130  g.  Power, 
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consumed 

during 

function. 

0.5-0. 9 W. 

Contemporary 

miniature 

airtight  relays 

with  two 

stud 

switches. 

which 

comm  utate 

current  to  2 & 

- 28  V, 

have 

space  of 

approximately  5 

cm3  and  weight 

14-18  g. 

Power 

consumed  during  function,  0.15-0.25  W.  Great  winding 
impedance  20  000  ohm.  Triggering  time  and  r elease/te mper ing 
is  less  than  5 ms.  Subminiature  airtight  relays  with  one 
stud  switch,  which  commutates  current  0.  5-1. 0 ft  with  voltage 
30  V,  have  space  0.8  cm3  and  weight  of  approximately  3 g. 
Required  power  during  the  function  of  relay  of  approximately 
0.1  H,  the  minimum  current  of  function  of  approximately  6.5 
mA.  In  the  open  performance  subminiature  relays  have  weight 
of  approximately  1 g. 


Vibra ting-reeds  relay  with  one  circuit  closing  contact 


are  characterized 

by 

small 

and 

stable 

contact  resistance 

J.1 

(0.0 3-Am#>  ohm)  , 

high 

speed 

of 

response 

(0.5-2. 0 ms)  , by 

prolonged  service  life  with  very  light  loads  (10*-2*10<» 
cycles)  and  by  the  low  required  power  (0.02-0.20  »). 

Electromagnetic  relays  are  the  sufficiently  complex 
mechanism,  which  consists  of  a large  quantity  of  parts.  For 
example,  an  electromagnetic  relay  of  the  type  RPN  has  90 


*3 


pa  rts 

{28 

different  types) , 

a relay  of  the 

type  8 K N has 

121 

parts 

(31  t y pes) , and 

a relay  of  the 

type  RS-13  has 

16  5 

parts 

(35  t y pes)  . 

For 

the  production  of 

these  relays,  is 

required  more 

than  ten  different  designations  of  materials. 


A quantity  of  relays,  used  in  equipment  for  automation, 
especially  in  equipment  for  automatic  telephone  communication, 
is  very  great.  For  example,  on  urban  district  automatic 
telephone  station  by  capacitance/capacity  into  10000  numbers 
it  is  mounted  to  70000  relays. 

Page  12. 


At  present 

in 

the 

USA  by 

the 

production 

of 

relay  are 

occupied  about 

200 

f irms 

which 

are 

released  more 

than  1000 

different  types 

of 

relay 

[ 

1-26  ] 

. According 

to 

the  data 

of  the  Ministry 

of 

the 

Trade 

of 

the  USA  for 

1963,  were 

sold  about  35  million  relay  for  radio-electronic  equipment 
by  ccmmon/general/total  cost/value  into  210  million  dollars. 
In  this  number  do  not  enter  telephone  relays  for  an 
automatic  telephone  station.  Firm  "western  Electric"  in  the 
USA  manufactures  more  than  30  million  telephone  relay  per 
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annum  [ 1-38,  1-39  ]. 

Development  of  relay  technology  must  be  directed  along 
the  path  of  a further  improvement  in  the  operating 
parameters:  decrease  in  the  overall  dimensions  of  relay; 

increase  in  the  sensitivity;  decrease  in  triggering  time: 
increase  in  the  switched  power  and  service  life  of  relay 
and  increase  in  their  reliability  because  of  the  improvement 
of  the  construction  of  magnetic  and  contact  system;  the 
application/use  of  new  magnetic,  insulating,  contact  and 
structural  materials  and  use  of  new  vacuum-tube  technology 
cf  production.  It  is  necessary  also  to  work  on  the 
improvement  of  construction  and  a decrease  in  the  cost/value 
of  relay  because  of  the  wide  application  of  the 
contemporary  automated  production  and  control  processes  and 
decrease  in  the  operating  time  of  assembly,  adjustment  and 
tests  of  relay. 


Furthermore,  it  is  necessary  to  conduct  extensive 
experimental  work  on  the  investigation  of  wear  resistance  of 
contacts  from  different  materials  as  a function  of  commuted 
currents  and  voltages,  to  the  determination  of  the  limits 

f 

of  the  oscillations  of  contact  resistance  with  different 

f 

electrical  loads  under  different  operating  conditions  and  to 
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Part  One 


Neutral  Relays. 


Chapter  One. 


SHORT  DESCRIPTION  OF  THE  CONSTRUCTIONS  OF  RELAYS. 

1-1.  Relays  with  circular  core  of  type  RKN. 


Relay  with  a circular  core  of  the  type  RKN  is  applied 
in  equipment  for  automation,  operated  for  the  movable 
objectives,  and  also  in  the  different  units  of 
communication/connection,  signaling  and  automation.  The  general 
view  of  this  relay  is  shown  in  Fig.  1-1. 


The  magnetic 
of  L-shaped  form, 
core  by  diameter 


system 
bent 
9 mm 


of  relay  consists  of  the  housing 
of  sheet  steel  by  thickness  4 am, 
and  the  armature  of  L-shaped  form. 
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For  a decrease  in  the  reluctance  of  the  joint  of 

housing  with  armature,  the  end/lead  of  the  housing  is 
equipped  by  "Knife"  support  for  armature  in  the  form  of 

triangular  prism.  Width  of  housing  20.  b nun,  the 
height/altitude  of  "knife"  support  8.2  mm. 

Front /f or ward  end  of  the  core  has  the  pole  piece  as 
diameter  15  mm,  the  calculated  length  of  core  70  mm.  Core 
is  fastened  to  housing  with  the  special  steel  nut  of 
cylindrical  form. 

Armature  is  bent  made  of  sheet  steel  by  thickness  2 
mm,  it  is  equipped  by  the  brass  plug  of  loosening  and  by 

two  ebonite  pins  for  the  transmission  of  effort/forces  to 
the  driving/moving  plugs  of  contact  groups.  Width  of 
armature  20.6  mm. 

Against  the  bearing  edge  support,  the  armature  is 
pressed  by  steel  cylindrical  spring  with  the  aid  of  special 
screw/propeller.  The  adjustment  of  course  is  conducted  by 

means  of  the  bending  of  armature  in  special  attachment. 

The  parts  of  magnetic  circuit  are  made  made  of  steel 
of  brand  EA  and  are  covered  with  nickel. 
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For  absorbing  the  fluctuations  of  armature  an! 
elimination  of  the  vibration  of  contact  springs  in  the  work 
of  relay,  the  front/leading  jaw  of  coil  is  made  of  red 
copper  (thickness  of  jaw  1.6  mm). 

Page  14. 


Winding  is  isolate/insulated  from  copper  jaw  by 
supplementary  getinax  jaw. 


The 

rear  j 

aw  of 

co  il 

is  made  out 

of  getinax 

by 

th ickness 

3 mm. 

into 

th  is 

jaw  it  is  pressed  from 

t wo  to 

five  lead 

ing-out 

plugs 

for 

the  soldering 

cf  the  end/leads 

cf  the  w 

inding. 

The 

contact 

system 

of 

relay  of  the 

type  RKN 

consists 

of  one  or  two  contact  groups;  each  group  can  have  from 
two  to  nine  contact  springs.  Contact  springs  have  in  the 
middle  part  width  4 mm  and  calculated  length  38  in,  they 
are  manufactured  from  extra-hard  white  copper  with  thickness 

0.35  mm. 
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The 

end/leads 

of  the 

spri 

by  two 

contacts 

of 

he  misph 

er  ic 

from  sil 

ver  of 

bra 

nd  Sr  9 

99. 

With 

large 

loads  are 

appl 

cr  its 

alloy  wi 

Lth 

iridium. 

The 

springs 

of 

relay 

rest 

complex 

form  from 

plastic. 

str 

sc  rev/ propellers 

on 

housing 

bet 

running 

of  the 

armature  of 

re 

height/altitude  a 

»f 

the  plug 

of 

range  of 

0.1  to  0 

• 5 mm. 

ngs 

are  bisected 

and  e 

quipped 

form  (cy 

diamet 

er  1.6 

mm) 

ied 

the  con 

tacts 

from 

pi atin  um 

on 

s pecia 1 

stop 

block 

of 

engthened  by 

two 

ween 

groups. 

The 

normal 

lay 

0.8  mm. 

the 

loosening 

vary 

within 

t he 

In  the  normal  position  of  relay,  the  housing  and 
contact  springs  are  arrange/located  in  vertical  planes. 
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Fage  16. 

Relay  is  fastened  to  board  by  two  screw/propellers 
(d iameter  3 nun)  . 

'Che  high  speed  (test)  relays  of  the  type  RKN  have  a 
core  without  the  pole  piece.  The  front/leading  jaw  of  the 
coil  of  these  relays  is  made  out  of  getinax. 

For  a decrease  in  the  distortions  of  the  relayed 
momentum/impulse/p  ulses,  a pulse  relay  of  the  type  R«N  (Pig. 
1-2a)  has  special  armature  with  the  reduced  section  (2x6 
nun)  in  the  middle  part  (armature  with  two  grooves). 


To  pul\e^  positions  the  narrow  passage  of  armature  is 
saturated  and  limits  flow  value  in  the  magnetic  circuit  of 
relay.  Therefore  the  releasing  time  of  relay  decreases  and 
in  its  value  approaches  triggering  time. 


Time-lags  relay  of  the  type  RKN 
on  core  massive  plugs  of  red  copper 
length  12.8,  25.5  or  38  mm). 


(Fig.  1-2b;  1-2c)  have 

(as  diameter  25  mm  by 
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In  the  relays,  retarded  for  release/tempering,  this  plug 
is  ar range/looated  at  foundation  (from  behind  coil),  while 
in  the  relays,  retarded  for  function,  on  the  contrary,  of 
the  end/lead  of  the  core  (in  front  of  coil) . 

For  the  growing  magnetic  flux  the  copper  plug, 
arrange/located  in  front  of  coil,  is  the  electromag netic 
screen,  which  retards  the  build-up  of  flow  in  the  clearance 
cf  relay. 

For  the  adjustment  of  releasing  time,  time-lags  relay 
are  frequently  supplied  with  the  adjustable  plug. 


The 

con  tacts 

of 

relay  are 

ma int  a in/w 

ithstood 

107  cycles 

(functions)  with 

res 

istive  load 

0. 2 A - 

60  V 

direct 

current 

either  1 

10 

'Z  alternating  current 

cycles  with 

load  2 

A - 36 

V 

or  0.2 

- 300  V 

direct 

cur  rent . 

Relays  of  the  type  RKN  are  intended  for  operation  at 
the  temperatures  of  surrounding  air  from  -40  to  t40°C 


(♦60°C)  , 

relative  humidity 

to 

98o/o  at 

temperature  of 

20  ♦ 

rj°C  and 

with  vibration  of 

the 

places 

of  attachment 

with 

\ 
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frequency  30  ♦ 2 Hz  during  acceleration  to  1.8  g.  Relays 


maintain/withstand  testing  for  impact 

i 

? acceleration  15  g (2000  impacts). 


strength 


during 


The  insulation  resistance  of  windings  and  contacts  of 
relay  with  respect  to  housing  and  among  themselves  under 
normal  conditions  is  more  than  500  HQ,  but  after  the  stay 

for  48  h under  conditions  of  humidity  95  ± 3o/o  - it  is 

not  less  than  10  HQ.  Insulation  of  windings  and  contacts 

maintain/withstands  with  respect  to  housing  and  between 
themselves  during  1 min  testing  voltage  500  eff.  V at 
frequency  50  Hz. 

Page  17. 

1-2.  Relays  of  type  RKM-1. 

The  relays  of  the  reduced  overall  size  with  a circular 

core  of  type  RKH-1  are  intended  for  a work  in  lovable  and 
movable  equipment  for  automation;  it  can  also  be  applied  as 

linear  and  ringing-trip  relay  on  automatic  telephone  station. 
The  general  view  of  relay  of  type  1 is  shown  in  Fig. 
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1-3. 


By  the  construction  of  the  magnetic  system  of  relay  of 


type  RKrt-1,  it 

is 

similar  on 

relay  of 

the  type  RKN, 

but 

it  is  characterized 

by  from 

it  smaller 

size/dimensi ons 

a nd 

does  not  have 

k n ife 

edge  for 

armature. 

The  housing 

of 

relay  of 

type  RKf-1 

is  bent  made 

of 

sheet  steel  by 

thickness  2 mm,  the  width  of  housing 

20 

mm.  Diameter  of 

core  7 mm. 

length  its 

55  mm.  Diameter  of 

the  pole  piece 

1 1 

mm. 

Armature  is  made  made 

of  s 

heet 

steel  by  thickness  1 

mm. 

it 

is  held  in  housing 

by 

flat/plane  bronze 

pi  ate. 

The 

jaws  of  coil  are 

made 

out 

of  getinax. 

into  the 

rear 

jaw 

of  coil,  are  pressed 

four 

of  leading- 

out plugs 

for 

the 

soldering  end/leads 

of 

the 

winding. 

The  contact  system  of  relay  consists  of  one,  two  or 
three  contact  groups,  assembled  in  one  common/gener a 1/total 
packet. 


Each  group  can  have  from  two  to  five  contact  springs 
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of  trapezoidal  form;  the  width  of  spring  of  foundation  5 
“B  t calculated  length  39  nun.  For  an  increase  in  the 
flexibility,  movable  springs  available  in  foundation 
rectangular  opening/aperture  as  width  2.5  nun. 

The  movable  springs  of  relay  are  manufactured  from 
white  copper  or  bronze  with  thickness  0.3  mm,  motionless 
frcm  white  copper  by  thickness  0.8  ms. 


t 

i 
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Page  18. 

The  backstops  of  relay  do  not  have,  movable  springs 
rest  on  block/backings  (supporting  springs)  from  white  copper 
by  thickness  0.8  mm.  Contact  springs  have  two  contacts  by 
diameter  2 mm  from  silver  of  brand  Sr  999.  The  normal 
running  of  the  armature  of  relay  1. 1 mm,  the 
height/altitude  of  the  plug  of  loosening  0.  1-0.2  mm. 


Relay  is  fastened  to  board  by  two  screw/propellers 
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(diameter  2.6  mm). 

Time-lags  relay  of  type  RKM-1  have  on  core  (under 
winding)  guadrature  winding  from  bate  ted  copper  wire  by 
diameter  0.5  mm.  Quadrature  windings  are  fulfilled  by 
height/altitude  1 or  2 mm  (2  or  4 layers  of  wire). 

The  armature  of  relay  of  type  RKM-1  returns  to  initial 

position  with  the  aid  of  flat  spring  from  aluminum  bronze 
with  section  0.3  x 8 mm,  that  creates  small  torq  ue/mo  merit . 
The  sensitivity  of  relay  of  type  RKM-1  without  return 
spring  with  light  loads  is  almost  two  times  more. 


The 

service  life 

of  the 

contacts  5»106  of 

eye les 

with 

resistive 

load  0.2  $ 

are  60 

^ direct  current 

or  1 10 

\/ 

alternating  current  and  10s  cycles  with  lead  2 aft  - 36  V 

direct  current. 


Relays 

of 

type  RKN-1  are 

intended 

f cr 

operation  at 

temperature 

of 

♦ 40°C,  humidity 

to  98o/o 

at 

♦ 20°C  and 

vibration  with  frequency  30  Hz  during  acceleration  1.8  g. 
The  impact  strength  cf  relay  15  g (2000  impacts). 
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1-3.  Relays  of  the  type  RKMP. 


A relay  of  the  type  RKMP  is  intended  for  operation  in 
the  mobile  units  of  automation,  signaling  and 
ccmmunication/connection  under  conditions  of  the  fluctuations 
of  the  temperature  of  surrounding  air  from  -60  to  ^ooc, 

increased  relative  air  humidity  to  98o/o  at  temperature  from 
♦15  to  ♦ 40°C , the  vibrations  of  the  places  of  the 

attachment  of  relay  with  frequency  from  20  to  70  Hz, 

during  accelerations  to  5 g,  and  from  70  to  80  Hz  during 

acceleration  2.5  g,  linear  (centrifugal)  accelerations  to  10 

g and  atmospheric  „ pressure  to  64  mm  Hg.  Relay 
maintain/withstands  vibration  test  in  the  range  of 
frequencies  from  20  to  70  Hz  with  acceleration  8 g and 

impact  strength  during  acceleration  75  g (4000  impacts). 

The  general  view  of  relay  of  the  type  RKMP  is  shown 
in  Fig.  1-4. 

By  the  construction  of  magnetic  circuit  and  contact 
system  of  relay  of  the  type  RKMP,  it  is  similar  on  relay 

of  the  type  RKN , but  is  char acteriz ed  by  from  it  somewhat 

smaller  size/dimensions  and  the  device  of  separate  parts. 
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Core  and  the  housing  cf  relay  of  the  type  RKMP  have 


length 

54 .5 

mm,  instead 

of 

70  ram. 

The 

thickness  of  housing 

3 mm , 

the 

end/lead  of 

the 

housing 

does 

not  have  knife 

edge-  Armature  is  suspend/hung  from  two  bronze  plugs,  it  is 

balanced  relative  to  rotational  axis  by  counterweight  and  is 
held  by  the  brass  framework.  Contact  springs  are 

isolate/insulated  by  separators  of  plastic;  their  working 
length  25  mm  instead  of  18  mm  of  relay  of  the  type  RKN. 

Page  19. 

The  contact  system  of  relay  consists  of  one  or  two 
contact  groups;  each  group  contains  from  two  to  nine 
contact  springs-  Contacts  dual,  from  silver  or  plat inum.  The 
coil  of  relay  has  five  leading-out  plugs  and  can  consist 

of  three  windings.  Time-lags  relay  have  on  core  quadrature 

winding  of  six  or  eight  of  series  of  bare  copper  wire  as 

diameter  0-5  mm. 

Insulation  of  contact  springs  maintain/withstanis  testing 
voltage  1100  eff.  V,  and  windings  500  eff-  V,  alternating 

current  by  frequency  50  Hz. 


The  insulation  resistance  of  windings  and  contact 
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springs  under  normal  conditions  is  more  than  500  m0,  also, 

hith  the  increased  humidity  of  more  than  10  MQ. 


The  contacts  of  relay  are  maintain/withstood  10*  cycles 
with  resistive  load  2 A - 32  V or  0.1  & - 300  V 
direct  current,  and  also  107  cycles  with  load  0.2  *1-60 
V. 


A relay  of  type  has  additionally  steel 

shielding  jacket  (screen),  it  is  manufactured  with  the 
number  of  contact  springs  not  more  than  six. 

The  overall  dimensions  of  the  relay  30.6  x 49.4  x 87.5  mm, 
weight  300  g. 
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1.4.  Belays  with  a flat/plane  core  of  the  type  RPN. 


In  equipment  for  automation,  telemechanics  and 
communication/conn ect ion,  operated  under  stationary  conditions, 
widest  use  obtained  relay  with  a flat/plane  core  of  the 
type  RPN  whose  general  view  was  shown  in  Fig.  1-5.  The 

magnetic  system  of  relay  consists  of  the  die-forged/stamped 
core  of  the  rectangular  cross  section  (4  x 10.5  mm),  made 
solid  with  foundation,  and  the  flat/plane  armature  of 
U-shaped  form,  side-by-side  to  core  and  enveloping  coil. 
Length  of  armature  90  mm,  section  its  1.8  x 23  mm. 
Calculated  length  of  core  74  mm,  the  working  surface  of 
pole  9.4  x 17  mm.  Armature  is  pressed  against  the 

foundation  of  relay  by  flat  spring  and  rests  on  special 
supporting/reference  corner  iron  (backstop) , attached  under 
coupling  group. 
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Cor#1  and  armature  of  relay  are  manufactured  from  mild, 
annealed  transformer  steel  of  brand  EA.  For  corrosion 
protection,  the  core  and  the  armature  of  relay  are  covered 
with  nickel. 

To  the  core  of  relay,  are  mounted  two  jaws  of  the 
rectanyular  form  made  of  getinax  (by  thickness  1.5  mm) , 
that  form  framework/body  (coil)  for  the  winding  of  relay. 

The  f ront/leading  jaw  of  coil  serves  simultaneously  as 

V 

support  for  the  contact  springs  of  relay.  From  opposite 
coil  side  on  the  basis,  is  fastened  the  coupling  group, 
which  provides  five  of  leading-out  springs  for  the  soldering 
of  the  end/leads  (conclusions)  of  the  windings  of  relay. 


1 


i 


! 


Contact  to  the  system  of  relay  of  the  type  R PN 
consists  of  one,  two  or  three  contact  groups,  collected  in 
one  common  packet,  tightened  by  two  screw/propellers-  Each 

group  can  have  from  two  to  six  contact  springs. 

Contact  springs  have  width  3.5  mm  and  calculated 
(useful)  length  74  mm.  They  are  manufactured  from  extra-hard 

German  silver  brand  MNTs-20  with  thickness  0.5  mui.  Contact 
springs  are  isolate/insulated  from  each  other  by  separators 
of  getinax  by  thickness  1.0  mm. 

The  end/leads  of  the  springs  are  bisected  and  equipped 
by  the  contacts  of  hemispheric  form  (diameter  2 mm)  from 


silver  of  brand  6R  999. 

The 

contacts 

of 

the 

relays. 

governing  the  circuits  of 

selector  (la- 

-60 

v)  , 

are 

manufactured  from  platinum 

or 

explosive 

of 

alloy  with 

ir  idium. 

The  transmission  of  ef fort/f crces 
contact  springs  is  realized  with  the 
driving/moving  getinax  plate  (backstop) 


from  armature  to 
aid  of  the 

, strengthened  to  the 


brass  bridge  which  is  screwed  on  to  armature  by  t wo 


i 
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screws.  These  screw/propellers  simultaneously  serve  for  the 
attachment  of  nonmagnetic  antistick  strip,  which  prevents 
armature  from  scaling. 


Bri 

dge 

has 

the 

special 

flange 

/ 

which  re 

sts  on 

the 

core 

of 

relay  a 

nd  se 

rvin 

g for 

ad justme 

nt 

and  lim 

itat ion 

of 

the 

course 

of 

armatu 

re. 

The 

co 

urse 

of 

a r in  at  u re 

is  es 

tab 

1 ish/i nst 

ailed  w ithi 

n 

lim: 

Its 

from 

1.  1 

to 

1.5  mm 

dependi 

ng 

cn  the 

character 

of 

contact 

g ro 

ups; 

for 

more  complex 

gro 

ups  is 

required 

th 

e 

co  urse 

of 

armatu 

re 

1.  3-1.5 

mm. 

Nor 

ma  1 

thick 

ness 

of  no 

nmagnet i 

c 

antist ick 

strip 

0.2 

-0.3 

aim  , 

f in 

e/th 

inner 

non 

mag  netic 

a n t i s t 

ick 

str ips. 

0.1  mm. 

are 

applied 

f or 

time 

-lag 

relay. 

In  pu 

1 se 

relays 

for  a 

dec 

rease 

in 

the 

releasing 

ti 

me,  are 

used 

ncn 

magnet ic 

antisti c 

:k 

strips 

ty  thickness  0. 5-1.0  mm. 

One  Of  the  deficiency/lacks  in  the  relay  is  the 
unbalanced  and  heavy  armature  (weight  together  with  bridge 
34d)  , that  has  low  frequency  of  natural  oscillations. 


In  the  normal  position  of  relay 


the  plane  of  armature 
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(and  of  contact  springs)  must  be  arrange/located  vertically 
in  order  to  avoid  the  gravity  effect  of  armature  on  the 
sensitivity  of  relay  and  to  decrease  the  becoming  dusty  of 
contact  surface. 


The  relays  are  intended  for  use  cnly  in  stationary 
equipment,  since  it  is  sensitive  to  divergence  from  vertical 
line  and  to  external  jolts. 

Relays  of  the  type  RPN  simply  by  construction,  its 
almost  all  parts  die- f orge/sta m ped ; it  is  approximately  two 
times  cheaper  than  the  relay  of  the  type  RKN.  Relay  is 
fastened  to  board  by  one  screw/propeller  (diameter  4 mm), 
its  housing  from  board  is  not  isolate/insulated. 

Fage  22. 


Time-lags  relay  of  the  type  RPN  have  core  (under 
inducing  winding)  quadrature  winding  from  tare  copper  wire 
by  diameter  0.5,  mm.  Depending  on  the  degree  of 
retarding/deceleration/delay,  quadrature  winding  has  the  height 
1.2  or  3 mm  (2.4  or  6 layers  of  wire).  At  the  end/leads 
of  the  cores  of  time-lags  relay,  are  made  the  corresponding 
designations:  Kl, 


K2  and  K3 
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For  pulse  pairs  which  commutate  high  currents  (2-3a) , 
they  are  applied  by  relay  RPN  with  special  tungsten 
contacts  (diameter  2 mm)  . 

Operating  voltage  of  contacts  and  windings  of  relay  RPN 
by  60  v.  Service  life  of  the  contacts  of  10  million 


fu  notions 

with 

r esistive 

load 

by 

current  0.2a  and 

vo  ltage 

60  v.  A 

relay 

of  the 

type 

RPN 

is  intended  for  a 

work 

under  normal  conditions  with  ambient  temperature  from  »10  to 
♦35°  C and  relative  air  humidity  from  45  to  75o/o  (60  * 

20  +.  5°C)  . 

The  fundamental  parameters  of  relay  of  the  type  RPN 

are  given  below  in  'fable  1-2. 

1-5.  Miniature/small  electromagnetic  relay  of  the  type  RS-13. 

Miniature/small  electromagnetic  relay  of  the  type  PS-13 

is  intended  for  use  in  equipment  for 

communication/connection,  signaling  and  automation,  working 


\ 
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under  conditions  of  the  fluctuations  of  the  temperature  from 
-50  to  ♦40°C  with  the  increased  humidity  (to  98o/o)  and 
vibrations  with  acceleration  to  4 g at  frequency  45  Hz. 

The  general  view  of  relay  of  the  type  RS-13  is  shown 
in  Fig.  1-6.  The  construction  of  magnetic  relay  circuit  is 
similar  to  relay  of  type  RK/1-1  but  it  has  another 
attachment  of  armature  and  smaller  size/dimensions. 


The 

housing 

of 

relay  is 

be  nt 

made  of  steel 

by 

thickness 

2.5  mm 

, width  its 

16  mm 

. Front/forward 

e nd 

of 

the  housing  is 

ben  t 

at  an 

an  gle 

of  45°  and  it 

is 

sharpened 

under 

the 

prism  to 

blade 

of  which  is 

pressed  the 

armature. 

• 

The 

diameter 

of 

core  is 

equa  1 

to  7 mm,  length 

4 0 mm. 

For  sensitization,  the  core  few  loaded  relays  has  the  pole 


piece  as  diameter  11  mm- 

Armature  has  thickness  1.2  mm;  to  the  forward  section 
of  the  armature,  is  riveted  steel  plate  by  size/dimension 
13  x 15  mm.  The  flat/plane  return  spring  of  the  L-shaped 
of  forms  from  the  phosphor  bronze  (by  thickness  0.25  mm). 


strengthened  to  the  brass  limiter  of  complex  form,  tightly 
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presses 

armature 

to  support  and 

h o Id  s it 

i n 

initia  1 

position 

during 

vibration. 

Pressure  of  return 

spring  on 

ar  mat  u re 

of  approximately 

100  3 , 

To 

core  are 

mounted 

two  jaws  out  of 

getinax.  In  rear 

jaw  it 

is  pressed  from 

two  to 

the  heel 

of 

leading-out 

plugs  for  the  soldering 

of  the 

erd/leads 

of 

the  winding. 

The 

contact 

system  of  relay 

consists 

of 

two  contact 

groups  each  of 

which  can 

have 

from  two 

to 

nine  contact 

springs. 

Contact 

spr ings 

are  made  from  the  phosphor  bronze. 

their  length  15 

mm  section  0. 2 

x 5 mm , 

but 

because  of 

large  grooves  the  useful 

width 

of  spring 

is 

strong ly 

decreased. 


Page  23. 

Springs  are  equipped  with  dual  contacts  of  diameter  2 ram. 
Motionless  springs  lie/rest  on  supporting  springs  fron  brass 
ty  thickness  0.5  mm.  Course  of  the  arnature  of  relay  with 
small  and  average  loads  0.75  mm,  with  high  0.9-1.  1 mm;  the 
hwight/altitude  of  the  plug  of  loosening  0. 1-0. 2 mm. 

■•lay  i*  equipped  by  the  rear  fender  nade  of  steel 
and  shielded  detachable  alnninus  jacket  which  is  held  by 

0-shaped  spring  fron  steel  wire.  On  jacket  is  designated 
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A relay  of  the  type  RSCh-52  is  the  modernized  relay 
of  the  type  RS-13,  which  is  characterized  by  larger 
vibration  resistance  and  the  wider  limits  of  operating 
temperatures-  It  is  intended  for  operation  durinq  changes  in 
the  ambient  temperature  from  -60  to  +70°C,  relative  humidity 
to  98o/o  (at  20°C),  the  vibration  of  the  places  of 
attachment  with  frequency  from  20  to  80  Hz  and  acceleration 
to  10g,  centrifugal  accelerations  to  20g  and  atmospheric 
pressure  to  15  mm  Hg- 


A relay  of  the  type  RSCh-52  is  maintain/withstood  2000 
impacts  with  acceleration  75g,  while  relay  of  the  type 
RS-52  - 250  impacts  with  acceleration  150g.  The  general 
view  of  relay  of  the  type  RSCh-52  is  shewn  in  Fig«  1-7. 


The  magnetic  system  of  relay  of  the  type  RSCh-52  is  a 
little  intensified,  the  diameter  of  core  equal  to  8 mm 
instead  of  7 mm  of  relay  of  type  RS-13,  the  thickness  of 
housing  3 mm  instead  of  2.5  mm- 


Araature  is  balanced  relative  to  rotational  axis  with 
the  aid  of  counterweight  and  has  another  attachaent. 


Rel  a 


load 
of  th 
e of 


an  x. 
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of  contact  groups,  they  have  opening/apertures  of  different 
size/dimensions,  and  they  are  asymmetric  with  respect  to  the 
axis,  passing  through  these  opening/apertures.  Between  contact 
springs  they  run  themselves  on  three  separators,  which 
protrude  by  edges  into  different  sides.  Contact  springs  are  ' 
shielded  from  random  damage  by  two  steel  cover  plates, 
strengthened  on  top  above  groups.  Insulation  of  winding  and 
contact  springs  is  intensified  and  maintain/withstands  testing 
voltage  1100  eff.  V. 

The  contacts  of  relay  are  raaintain/withstood  ID*  cycles 
with  the  resistive  load  2a  - 2fv  or  1.25a-300v  of  direct 
current- 


A relay  of  the  type  RSCh-52  is  equipped  by  the  rear 
fender  and  it  is  placed  into  shielding  aluminum  jacket.  In 
this  it  differs  from  relay  of  the  type  RS-52. 


1-7.  Miniature/small  relay  of  the  type  HMD. 


A relay  of  the  type  FMU  is  intended  for  the 
commutation  of  electrical  circuits  to  miniature/small  movable 
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equipment  for  automation,  signaling  and 

communication/connection  with  the  fluctuations  of  temperature 
from  60  to  ♦85°C,  relative  humidity  to  98o/o  with  40  ± 5° 


C,  vibration 

of 

the 

places  of  attac 

hment  with  frequenc 

from  16  to 

300 

Hz 

and 

acceleration 

tc  1 0g  , 

centr i fuga 

accelerations 

to 

25g 

and 

at  mospher ic 

pressure 

to  15  mm 

Relay  is  maintain/withstood  250  impacts  with  acceleration 
until  150g. 

The  general  view  cf  relay  of  the  type  RHU  is  shown 
in  Fig.  1-8. 
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The  ma 

gnetic 

system 

of  valve 

type  relay,  the 

diam 

eter 

of 

core  8 

in  hi  , 

length 

32  mm ; the 

thickness  of  housing 

2 

mm. 

width 

its  1 

7.5  mi, 

the  thickness  of  armature 

1.  3 

mm. 

Coil 

leads 

and 

contact 

springs  are 

arrange/located 

from 

a r mature. 


Armature  have  on  each  side  of  two  elongated  levers 
with  the  insulating  bushes  at  end/leads  for  displacement  of 

springs. 


movable  contact 
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The  relation  of 

the 

arm  of  armature 

and 

levers 

equal  to  2.2.  Course 

of 

armature  0.4  mm. 

The 

plug 

loosening  armature  does  not  have.  Return  springs  flat/plane, 
the  pressure  of  return  springs  20-30  q. 


Armature  is  held  in  housing  with  the  aid  of  special 
flat  spring,  which  limits  the  lateral  displacement  of 


armature. 

The  contact  system 

of 

relay 

consists 

of  two 

groups ; 

each  group  can  have 

f rom 

two 

to  six 

conta  ct 

springs. 

Contact  springs  are 

made 

from 

white 

copper.  Movable 

springs  have  working  length  21  mm,  width  3.2  mm  and 
thickness  0.3  mm.  Motionless  springs  have  trapezoidal  form 
and  thickness  of  0.45  mm.  Tlie  coil  of  relay  has  two  or 

four  conclusions.  Insulation  of  winding  and  contact  springs 

maintain/withstands  testing  voltage  1000  eff.  V. 

The  contacts  of  relay  are  maintain/withstood  13*  cycles 

with  the  resistive  load  1a-30v,  or  0.1a-300v  of  direct 
current,  and  also  1a-115v  alternating  current  400  Hz  under 
normal  conditions  (with  atmospheric  pressure  40  mm  Hg  load 

decreases  to  0. 1a-l50v,  and  with  15  mm  Hg,  is  all ow/assumed 
load  only  1a-30v) . 
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Relay  with  two  intensive  stud  switches  of  the  type 
FMU-S  is  ruaintain/withstood  10*  cycles  with  the  resistive 
load  5a-30v  or  0.05-600v  of  alternating  current  by  frequency 
400  Hz#  while  relay  with  one  circuit  closing  contact  of 
the  type  RMU-S  (double-break)  is  maintain/withstood  10s 
cycles  with  load  10a-30v. 


Time-lag 

relay  of 

type 

R fly-3 

has  o f 

cote  massive 

copper  plug 

as  length 

17  mm 

by 

diameter 

19/8  mm.  Releasing 

time  of  time 

-lag  relay 

with 

stud 

switch 

of  approximately  30 

ms. 


1-8.  Sealed  relay  of  the  type  RMUG. 

A relay  of  the  type  RMUG  is  sealed  relay  of  the  type 
FMU.  Its  general  view  is  shown  in  Fig.  1-9. 

Sealing/pressurization  is  realized  with  the  aid  of  the 
sealed  metallic  (steel)  jacket  and  circular  glass  socket 
into  which  it  is  scalded  14  soldering  hooks  from  Kovar 
alloy  for  the  conclusion  of  the  circuits  of  contact  springs 
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and  winding.  For  attachment  to  the  board  of  relay,  it  has 

on  the  basis  three  nut  bolts.  Outside  relay  it  is  painted 
by  gray  color/paint.  After  sealing  the  internal  volume  of 
relay  is  filled  with  dry  nitrogen. 
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Belays  of  the  type  RMUG  it  is  possitle  to  operate 


with 

temperatures  from  -50  to 

♦ 85°C, 

relative 

humidity  to 

98o/o 

at  45  5°C,  vibrations 

with 

frequency 

from  16  to 

80  Hz  and  acceleration  to  4 y,  linear  accelerations  to  8 

g and  atmospheric  pressure  to  15  mm.  Hg.  Hclay 

maintain/w ithstand s vibration  test  at  frequency  50  ♦ 5 Hz 

and  upon  acceleration  4 g (5*106  cycles),  also,  for  the 

impact  strength  during  acceleration  4g  (104  impacts  with  the 

frequency  of  80  impacts  per  minute). 

The  period  of  service  of  the  contacts  of  the  relay  of’ 
10s  cycles  with  resistive  load  13  — 27v  either  0.1a-300v 

direct  current  or  1a-115v  alternating  current  (400  Hz). 

The  testing  voltage  of  insulation  under  normal 

conditions  1000  eff.  V,  with  atmospheric  pressure  41  mm  Hg 

500  V and  below  40  mm  Hg  - 300  V. 

Insulation  resistance  under  normal  conditions  is  more 
than  5000  MQ,  after  stay  for  48  h with  the  increased 
humidity  it  is  not  less  than  100  MQ. 
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in  all  remaining  parameters  of  relay  of  the  type  RP1UG, 
it  does  not  differ  from  relay  of  the  type  RMU. 

Dimensions  of  relay  of  the  type  RMUG  are  35  x 42  x 
65  inm;  weight  160  g. 


1-9.  Sensitive  sealed 

relay  of 

the 

type  RDChG. 

A relay  of  the 

type  RDChG 

is 

the  sensitive 

electromagnetic  relay 

with  one 

stud 

switch# 

intended 

fo  r 

operation  in  movable 

equipment 

for  automation 

during 

the 

fluctuations  of  temperature  from 

-60 

to  *85° 

C,  to 

trop ical 

humidity  (relative  humidity  to 

98o/o 

and  temperature 

to 

♦4  0°C) , vibration  with  frequency 

f rcm 

16  to 

80  Hz 

a nd 

acceleration  to  4g, 

centrif ug  al 

accel erat ions 

to  9g 

a nd 

atmospheric  pressure 

to  41  mm. 

Relay  is  maintain/withstood 

1000 

impacts 

with 

acceleration  4g. 

The  general  view  of  relay  of  the  type  RDChG  is  shown 
in  Fig-  1-10. 
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The 

magnetic 

system 

of 

relay 

has  M,-shaped 

form  it 

consists 

of  two 

coi  Is 

wit  h 

cores. 

closed  by  f] 

Lat./p  la  ne 

ar  mat  ure. 

Cores, 

fou  n dat 

ion 

and  the 

armature  of 

rel  ay 

made  from  permalloy,  brand  50  N. 


The  contact  system  of  relay  is  rigid.  Fixed  contacts 
are  fastened  on  two  adjustable  sc rew/pro pellers, 
arrange/located  on  the  brass  corner  irons,  riveted  to  a 
plate  from  Textolite.  The  breaking  contact  is  made  made  of 
tungsten,  circuit  closing  contact  - from  silver.  Movable 
silver  contact  is  soldered  to  the  brass  lever  of  armature. 
Armature  is  balanced  relative  to  rotational  axis  and  has 
spiral  return  spring. 

Page  29. 


Gap  between 
contact  50* 


the  contacts  0.09 
in  closing 


mm.  Pressure 
125  y 


in 


open  ing 


The  jacket 
painted  in  gray 
with  the  aid  of 


of  relay  is  made  from  brass  and  it  is 
color.  Sealing/pressur izaticn  is  realized 
glass  base  with  five  leading-out  Looks. 
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The  power,  consumed  by 

relay  during 

function,  is 

not 

more  than 

13. 2 mW  (spill 

current  not  more  than  2.5 

m A 

with  winding  impedance  2100 

ohm  and 

turn 

number  2 x 

11000  wires 

by  diameter  0. 

08  mm  of 

the 

brand  PEL, 

the 

current  of 

release/temper  in g 

is  not 

less 

than  0.6  mA) . The 

relay  reset 

coefficient  is 

not  less 

than 

0.24.  Hit  h 

a n 

increase  in 

the  permanent 

air  gap  between 

core  and 

armature 

to  0.3-0. 4 

mm  (instead  of 

0.05-0.  1 

mm)  the  relay  reset 

coefficient 

grow/rises  to  0 

.65-0.75, 

but  the  power  of 

function  increases  to  35-50 

mW  ( A H t 

= 86 

-102) . Gre  at 

winding  impedance  of  relay 

14000  ohm 

with 

wire  by  d 

ia  mete  r 

0. 05  mm  of 

the  brand  PEL; 

the  turn 

number  of  the 

wi nding 

2 x 28000. 

6 
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10s  cycles. 

Insulation  of  the  winding  of  relay  maintain/wit hstands 
the  testing  voltage  1500  eff.  V of  alternating  current, 
contacts,  i.e.,  500  eff.  V. 


Insulation  resistance  is  not  less  than  5000  MQ , after 
the  stay  under  conditions  of  the  increased  humidity  - it 
is  not  less  than  100  ilQ.  Overall  dimensions  of  relay  40.1 
x 40.  1 x (50.5  ♦ 16.5)  mm,  weight  180-220  g. 


1-10.  Miniature/small  sealed  relay  of  the  type  RES8. 


A relay  of  the  type  RES8  with  six  stud  switches  is 

intended  for  operation  in  movable  radio-electronic  equipment 

and  equipment  for  automation  with  the  fluctuations  of 

ambient  temperature  from  -60  to  ♦ (90-  125)  °C,  relative 

humidity  to  98o/o  at  temperature  of  ♦40°C,  atmospheric 

pressure  to  5 mm  Hg;  vibration  with  frequency  from  20  to 

50  Hz  and  the  amplitude  of  oscillations  1 mm,  from  50  to 

pr«e' 

600  and  acceleration  12g,^  600  to  800  Hz  and  acceleration 

lOg  - from  800  to  1000  Hz  and  acceleration,  0f  g^. 

from  1000  to  1500  Hz  and  acceleration  of  5g  and  centrlfigal  (lin- 
ear) acclerations  to  50g. 
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Relay  is  maintain/withstood  1000  impacts  with 
acceleration  50  g. 


The  general  view 

of 

relay  of  the  type 

RES8 

is  shown 

in  Fig.  1- 

11.  R e la  y 

has 

single-coil  four-terminal 

■ agnetic 

system  with 

symmetrical  cross-shaped  hinged 

armature. 

Cy  lind  rica  1 

steel  jacket 

(housing)  serves  as 

the 

ma  gnet ic 

circuit  of 

relay.  In 

the 

bottom  of  jacket. 

is 

sea  led  in 

the  core  with  coil. 

the 

free  end/lead  of 

core 

is  equipped 

fcy  step  bearing  for 

the 

axis  of  armature. 

The 

sec  ond 

bearing  is 

pressed  into 

the  base  of  relay. 

Prom 

inside  of 

the  jacket  above  the  coil,  are  soldered  four  pole  pieces 
in  the  form  of  corner  irons. 


Armature  has  a form  of  cross  and  consists  of  four 


plates,  connected  between  themselves  the  hcllow  clutch  into 


which  is  pressed  the  axis. 


Magnetic  flux  from  the  core  through  the  circular 


ballast  air  pole  gap  of  core  and  the  internal  cylindrical 


surface  of  clutch  enters  in  the  armature  where  it  branches 


; oq  four  parts  and  through  four  working  air  gaps  falls  into 


I 

I 
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the  pole  pieces  (welded  within  jacket)  and  it  is  closed 
through  the  jacket  of  relay. 

For  the  elimination  of  fluctuations  durinq  vibration, 

the  armature  of  relay  is  held  in  initial  position  by  two 
small  permanent  magnets,  strengthened  to  the  corner  irons 

between  the  pole  pieces. 

Foundation  (base)  of  relay  made  from  Kovar  alloy  has  a 
form  of  the  cup  intc  bottcm  of  which  are  pressed  the 
leading-out  pins,  isolate/insulated  from  foundation  by 
insulating  beads  from  the  pressed  glass. 

Page  31. 

Belay  has  six  the  stud  switches,  positioned  radially  on 
the  internal  surface  of  foundation. 

Fixed  contacts  from  alloy  1-10  are  soldered  to  the 
internal  end/leads  of  the  leading-out  pins,  and  movable 
to  the  claws  of  contact  spring. 


Effort/force 

from 

armat  ure 

is 

tr  a nsm itted 

to 

movable 

contact  springs 

with 

the  aid 

of 

the  mounted 

to 

armature 

i» ' 
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small  cu 

p from 

poly  f 

luor 

cethyle 

grooves 

(groove/s 

lots) 

thro 

ugh  wh 

of  the 

movable 

conta 

ct 

springs 

circular 

groove 

in  w 

h ic  h 

w it  h 

ring  (with  cut/s 

ectio 

n)  . 

With 

about  of 

pole. 

the 

ring 

on  i 

absorbs 

energy  o 

f i m 

pact 

• 

ne  resin. 

which  has 

of  six 

ich  emerge 

the  free 

end/  leads 

. The  small  cup  is 

equipped 

friction  can  be  turned  copper 
the  impact  of  the  armature 
nertia  slips  in  groove  and 
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12  - glass  insulating  bead;  13  - steel  jacket. 

Page  32. 

After  assembly  and  adjustment,  the  foundation  (base)  is 

soldered  to  jacket.  The  internal  volume  of  relay  is 
evacuated,  it  is  dried  and  is  filled  with  the  dry  air 
through  the  stem,  connected  with  channel  in  core. 

Power  of  the  function  of  relay  1.0-1. 4 W. 

Service  life  of  contacts  with  resistive  load  2a-30v 

2»105  functions,  with  resistive  loads  0. 3a-220v  or  5 pA  - 
50  mV  of  direct  current  either  1a-50v  alternating  current 
by  freguency  50-400  Hz  -3»105  of  functions,  with  the 

resistive  loads  5a-30v  of  direct  current  or  1a-115v 
alternating  current  -5»103  of  functions. 

Insulation  resistance  is  not  less  than  200  MO,  after 
the  stay  under  conditions  of  the  increased  humidity  - 20 

MO. 

\ 

The  testing  voltage  of  insulation  of  relay  1000  eff.  v 
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between  the  dead  contacts  780  eff.  V.  Weight  of  relay  110 

9- 

1-11.  Small  relay  of  the  type  RES  7. 

A relay  of  the  type  RES7  with  six  stud  switches  is 
intended  for  operation  approximately  under  the  same 
conditions  as  relay  of  the  type  PES8  (with  the  exception 
of  vibration  in  the  range  of  frequencies  from  600  to  1500 
Hz  with  acceleration  5g  and  humidity  98o/c  at  temperature 
of  ♦20°C) . 

The  general  view  of  relay  of  the  type  RES7  is  given 
in  Fig.  1*12. 

Relay  has  single-coil  two-pole  magnetic  system  with 
symmetrical  hinged  armature.  Magnetic  system  consists  of  the 
steel  beaker  within  which  is  fastened  the  core  with  coil. 

In  beaker  are  made  two  large  grooves,  which  form  the  poles 

to  which  are  attract/tightened  the  end/leads  of  the 

armature.  Flat/plane  symmetrical  armature  with  the  bent  back 
downward  end/leads  is  fastanad  on  tha  vartical  axis  which 
is  paasad  through  tha  cbannal  in  cora.  Araature  raturns  to 

iaitial  position  with  two  cylindrical  springs. 


0 12402 


t 


1 

1 


2.  Relays 


33. 


Infrli 


u re  is 
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Contact  groups  are  arrange/located  arcund  the  housing  of 
relay  in  parallel  to  the  axis  of  core.  The  average  spring 
of  each  group  rigid,  and  extreme  are  flexiole. 


Contacts  have  a form  of  hemisphere,  they  are  made  from 
alloy  PlI-10.  Pressure  in  contacts  is  not  less  than  7 cj 
the  gaps  among  the  contacts  of  more  than  0.25  mm. 


Relays  are-  closed  by  dustproof  jacket  from  aluminum. 

Power  of  the  function  of  relay  0.8-1. 2 W.  Resetting 
ratio  0.14-0.2.  Service  life  of  the  contacts  3»10s  of 
functions  with  resistive  load  2a-30v  or  0.3a-300v  of  direct 
current  and  1a-50v  alternating  current.  Weight  of  relay  120 

9- 

1-12.  Miniature  relay  of  the  type  RES22. 

Relay  with  four  stud  switches  of  the  type  RES  22  is 
intended  for  operation  at  ambient  temperatures  from  -60  to 
♦85°C,  relative  humidity  to  98o/o  at  temperature  of  ♦40°C, 
atmospheric  pressure  to  5 mm  Hg,  with  vibration  in  the 


Y 
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range  of  frequencies  from  20  to  50  Hz  with  amplitude  1 
mm,  from  50  to  200  Hz  with  acceleration  to  lOg,  from  200 
to  1500  Hz  with  acceleration  to  3 g,  linear  accelerations 
to  15g.  Impact  strength  25g. 

The  general  view  of  relay  of  the  type  RES22  is  shown 
in  Fig.  1-  13. 

Relay  has  valve  type  single-coil  magnetic  system  with 
the  core  of  rectangular  cross  section. 

Armature  asymmetric  with  two  long  levers  on  each  side 
as  in  relay  of  the  type  RMU. 

Package  type  two  contact  groups  with  flat/plane  contact 
springs  and  fiberglass  laminate  separators  are  tightened  by 
one  common/general/total  screw/propeller.  £ach  group  consists 
of  six  contact  springs.  Motionless  springs  lie/rest  on 

supporting  springs,  the  end/leads  of  the  movable  springs 
rest  on  the  dri v ing/mcvi ng  framework  from  glass-fiber 
laminate,  strengthened  to  the  end/leads  of  the  levers  of 
armature.  The  end/leads  of  the  motionless  springs  are 
bisected  and  equipped  by  dual  silver  contacts. 
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Belay  has  the  rear  fender  made  of  steel  and  shielded 
detachable  aluminum  jacket  which  is  held  by  the  wire  steel 
spring  having  U-sh  aped  form. 

Pressure  in  contacts  is  not  less  than  10  the  gaps 

among  the  contacts  of  more  than  0.3  mm. 

Power  of  the  function  of  relay  0.23-0.  28  W.  Resetting 
ratio  0.2-0.24. 

Page  34. 

Service  life  of  the  contacts  of  relay  with  resistive 
load  2a-30v  and  0.3a-220v  of  direct  current  or  0.3a-115v 
and  0.1a-220v  alternating  current  (50-1000  Hz)  - 10*  cycles; 

with  load  3a-30v  - 10*  cycles;  with  load  1a-30v  - 3 • 1 0 5 
cycles;  with  load  0. 1a-300v  - 5*105  cycles;  with  load 
0.  3a-60v  - 10*  cycles  and  with  load  0.05a-60v  - 10* 

' 

cycles.  Contact  resistance  to  tests  for  service  life  is  not 

t more  than  0.6  ohm. 

* 

Triggering  time  of  relay  is  net  more  than  12  ms, 

1 releasing  time  is  not  more  than  5 ms. 

' f 
1 

I 
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The  capacitance/capacity  of  contact  system  is  not  more 
than  5 pF. 


The 
10  0 MQ, 
10  MQ. 


insulation  resistance  of  relay  is  not  less  than 
in  conditions  of  increased  humidity  of  more  than 


The  testing 
contacts  500  v, 
250  v. 


voltage  of  insulation  of  winding  and 
under  conditions  of  increased  humidity 


The  weight  of  relay  is  not  more  than  36  g. 


1-13.  Miniature  relay  of  the  type  RES6. 


A relay  of  the  type  RES6  is  a miniature  relay  with 
two  stud  switches,  intended  for  operation  in  movable 


rainiatur e/s mall 

equipment  with 

variations 

of 

the  temperature 

cf  surrounding 

air  from  -60 

to  +85°C; 

the 

increased 

hunidity  to  98o/o  at  20°C, 

vi br  at  icns 

with 

frequency  from 

15  to  1500  Hz  and  by  acceleration  tc  6 g,  linear 

accelerations  to  25  g and  atmospheric  pressure  to  5 ■■  Hg. 

Belay  is  aaintain/withstood  1000  iepacts  with  acceleration  50 
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Fig.  1-13.  Relays  of  the  type  PES  22. 

Page  35. 

The  general  view  of  relay  of  the  type  RES6  is  shown 
in  Fig.  1-14. 

The  magnetic  system  of  relay  of  the  type  RES6  is 
analogous  to  the  magnetic  system  of  relay  of  the  type  RSf! 
but  the  length  of  core  and  housings  is  somewhat  more  (22 

i 

m rn). 
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Contact  system  has  another  construction;  contact  springs 
with  separators  of  fiberglass  laminate  are  assemble!  into 
the  packet  which  with  two  screw/propellers  is  fastened  to 
housing-  All  springs  are  made  from  bronze  by  thickness  0.15 
mm  . 


Motionless  springs  lie/rest 
Length  of  contact  springs  14.5 
dual,  silver. 


on  brass  supporting  springs, 
mm,  width  4 mm.  Contacts 


The  contacts  of  winding  are 
(lug/lobes),  placed  into  contact 


der i ved 
packet. 


to  soldering  plugs 
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cycles,  0.3a-250v  - 2.5«105  cycles  and  1a-115v  alternating 

current  - 5«10*  cycles. 

Power  of  the  functicn  of  relay  0.5-0. 8 W. 

Insulation  resistance  100  MQ,  after  the  stay  under 
conditions  of  the  increased  humidity  for  48  h - 10  KQ. 

The  testing  voltage  of  insulation  of  winding  and  contacts 
500  eff.  V. 

Relay  has  the  rear  fender  made  of  steel  and  it  is 
shielded  by  detachable  aluminum  jacket  which  is  held  by 

0- shaped  spring  from  steel  wire. 

1- 14.  Miniature  relay  of  the  type  RES9. 

A relay  of  the  type  FES9  with  two  switching  contacts 
is  designed  for  operation  at  the  temperature  of  that 

surrounding  air  from  -60  to  ♦85°C;  relative  humidity  to 
98o/o  at  ♦40°C;  vibration  in  the  range  of  frequencies  from 

20  to  50  Hz  from  amplitude  in  1 mm  and  from  50  to  600 

Hz  with  acceleration  to  12g,  linear  accelerations  to  25g 
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and  atmospheric  pressure  to  5 mm  Hg.  Relay  is 
maintain/withstood  1000  impacts  Kith  acceleration  50g. 

Fixed  contacts  have  cylindrical  form,  they  are  welded 
to  the  internal  end/faces  of  the  leading-cut  pins,  pressed 
into  the  base  of  relay. 

Contacts  are  manufactured  from  silver  and  alloy  PlI-10. 

The  general  view  of  relay  of  the  type  RES9  is  shown 
in  Fig.  1-15. 
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Fig.  1-15-  Belays  of  type  RES9. 
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The  magnetic  system  of  relay  is  two-coil  of  the  valve 
type.  Diameter  of  cores  3.5  mm,  length  15  mm;  the 
thickness  of  housing  1.5  mm,  width  10  mm.  Armature  is 

suspend/hung  on  the  axis  and  has  cn  each  side  two 

t 

elongated  levers  with  the  insulating  tushes  at  end/leads. 

The  course  of  the  armature  of  relay  0.3  mm,  of  plug  there 
is  no  loosening. 


DOC  = 780  12402 


PAGE 


Pressure  in  breaking  contact  by  8-10  Cj  . The  gap  among 
contacts  is  more  than  0-3  mm-  Pressure  of  return  springs  2 
* 83. 

Slide  contacts  are  riveted  to  movable  contact  springs. 


pressed 

by 

one 

end/lead  into  the  plastic  block. 

strengthened 

to  the 

housing 

of  relay-  The  working 

length  of 

movable 

springs 

1 0 

mm. 

width  2 mm  thickness 

0.  15  mm.  The  spherical 

surface 

of 

slide 

contact  concerns  the 

lateral  cylindrical 

surface 

of 

fixed 

contact-  Length  of  the  fixed  contact  2 

mm,  diameter  0-95  mm.  Diameter  of  the 

slide  contacts  1.5 

mm,  height 

o 

« 

mm. 

The 

jaws  of 

coils  are  made  from 

fiberglass 

laminate- 

Winding 

is 

isolate/insulated  about  core 

by  three 

la  yers  of 

teflon 

ta  pe 

by 

thickness  0-02  mm.  Inner  diameter 

of  the 

winding 

3.7 

mm. 

length  1 mm  height  i 

.6-1.8  mm. 

Winding  is  made  from  the  heat-resistant  enamelled  wire 
cf  the  brand  PET  V. 


Great  winding  impedance  9600  ohm  (d 


0J3  mm)  , 


minimum 
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spill  current  7 mA.  Relay  reset  coefficient  0.25-0.  45. 

The  base  of  relay  has  circular  shape  and  it  is 
pressed  from  heat-resistant,  plastic. 

In  the  base  of  relay,  it  is  pressed  in  circumference 
eight  of  leading-out  pins  from  white  copper  by  diameter 

0.95  mm  for  the  inclusion  into  printed  circuit  with 
subsequent  soldering. 

In  the  center  of  the  base  is  establish/installed  the 
screw/propeller  for  the  attachment  of  relay.  Relay  are 
protected  by  the  cylindrical  aluminum  jacket  whose  edge  is 
rolled  on  the  basis. 

The  service  life  of  silver  contacts  with  resistive  load 
c.<\c\e*>  o-f 

2a-30v  - 1 - 5 • 10s  qi  hlov,  -p«.  o.3a-250v  of  direct  current  is 

not  less  3»10^  cycles,  with  the  lead  0.2a-115v  of 
alternating  current  (50  Hz)  or  0. 5a-115v  (1100  Hz)  it  is 

not  less  than  105  cycles.  The  service  life  of  contacts  of 

alloy  1-10  with  the  resistive  load  0. 8a-30v  of  direct 
current  is  not  less  8«105  cycles. 

The  power,  consumed  by  relay  during  function,  is 


I 

[ 

r 

I 
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46—  0-51  W.  Triggering  time  with  nominal  voltage  is  not 
more  than  5 ms,  releasing  time  is  not  mere  than  3 ms. 

Insulation  of  winding  and  contacts  maintain/withstands 
testing  voltage  500  eff.  V.  Insulation  resistance  100  mq. 
Weight  of  relay  20  g. 

Page  38. 


1-15.  Miniature  relay  of  the  type  RES10. 

A relay  of  the  type  RES10  is  a miniature  relay  with 
cne  stud  switch,  designed  for  operation  in  movable 

I 

equipment. 

■ Relay  has  the  dustproof  aluminum  jacket,  rolled  in  on 

i ! 

the  basis. 

! 

f 

( 

Overall  dimensions  10.6  x 16  x (19  *6.8)  mm,  weight 

7. 5 g. 


The  general  view  of  relay  of  the  type  RES  1 0 is  shown 


in  Fig.  1-16. 


The  magnetic  system  of  relay  is  single-coil  of  the 
valve  type. 

Diameter  of  core  3 mm,  length  11  mm.  the  diameter  of 

pole  piece  4.5  mm.  Width  of  housing  8.5  mm,  thickness 
mm. 

Armature  is  record/fixed  on  housing  ty  two  lugs  of  the 

special  bracket,  riveted  to  housing,  and  it  is  held  by  two 

return  springs  from  beryllium  bronze.  Thickness  of  armature 
0.7  mm. 

Core  and  housing  are  fastened  with  the  aid  of  the 
circular  nut  to  base  from  heat-resistant  plastic.  Coil  form 
is  pressed  out  from  that  of  plastic.  Winding  is  made  from 
the  heat-resistant  wire  of  the  brand  PETV  and  it  is 
shielded  outside  by  tape  from  poly fluoroet hy lene  resin.  Inner 

diameter  of  the  winding  3.5  mm,  length  its  8.9  mm,  height 

1.8-2. 2 am.  Fixed  contacts  have  cylindrical  form,  they  are 
welded  to  the  internal  end/faces  of  the  leading-out  pins, 
pressed  into  the  base  of  relay.  Slide  contact  is  fastened 
on  the  movable  contact  spring. 


riveted  to  the  araature  of 
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relay  and  by  the  connected  with  housing  fine/thin  bronze 
ribbon.  Contact  spring  is  made  from  beryllium  bronze;  the 


working 

length  of 

spring  5.3  mm,  width 

2.5  mm  thickness 

0.  15 

mm  . 

Diamete  r 

of  slide  contact  1.5 

mm,  of  motionless 

0.8 

mm. 

the  material  of  contacts  fll-10. 

%. 

base 

of  the 

relay  is  pressed  five 

of  leading-out 

pins 

for 

the 

inclusio  n 

into  printed  circuit. 

The 

course  of 

the  armature  of  relay 

0. 3-0. 4 mm. 

of 

plug 

there  is  no 

loosening.  Gap  between 

the  contacts 

0.15-0.2  mm;  pressure  in  contacts  7-12^  Pressure  of 

return  springs  17-25  , Freewheeling  escapement  is  more 

than  0.  1 nun. 

Power,  consumed  by  relay  during  function,  0.29-0.34  4 

(with  the  circuit  closing  contact  0.16-0.18  U)  . 


(threat  winding  impedance  4500  ohm  (d  = 0.03  mm); 

minimum  spill  current  with  the  circuit  closing  contact  6 mA 
and  with  the  stud  switch  8 mA.  Relay  reset  coefficient 
0.  12-0.40. 


The  contacts  of  relay  are  maintain/withstood  10*  cycles 
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Page  40-  The  time  delay  with  nominal  voltage  is  not  more 
than  8 is. 

Insulation  resistance  is  more  than  100  after  48 

hours  of  holding  under  conditions  of  increased  humidity,  greater 
than  if)  MU.  The  testing  voltage  insulation  of  winding 
and  contacts  500  eff.  V. 

Relay  is  intended  f cr  operation  at  ambient  temperature 


from  60 

to 

♦100°C;  vibration  in 

t he 

range 

of 

f reg  uenc  ies 

from  20 

to 

50  Hz  with  am 

plitude 

to 

1 mm. 

from  50  to  600 

Hz  with 

acceleration  12g  and  in 

the 

ra  nge 

of 

f req uenc ies 

from  600 

to 

1500  Hz  with 

acceleration 

5g: 

linear 

accelerati  ons 

to  80  g (of 

rel  ay 

wit  h 

circuit 

closi ng 

contact 

to 

25g)  and  atmospheric 

pressure  to 

5 

mm  Hq.  Relay 

is  maintain/withs tood  1000  impacts  with  acceleration  100g. 


1-16.  Subminiatur  e relay  of  the  type  6ES15. 


Relay  with  one  stud  switch  of  the  type  RES  15  is 
intended  for  operation  at  ambient  temperatures  from  -60  to 


.{ 

I 
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♦ (85- 100)  °C,  relative  humidity  to  98o/o,  to  temperature 
♦40°C,  atmospheric  pressure  to  5 mm  Hg  (at  *60°C)  , 

I 

vibration  with  frequency  from  5 to  50  Hz  and  to  amplitude 

1.5  mm,  from  50  to  600  Hz  and  acceleration  15g,  also, 

from  600  to  1000  Hz  and  acceleration  lOg,  linear 
accelerations  to  25g.  Relay  is  maintain/withstood  2000 

impacts  with  acceleration  l00g. 

The  general  view  of  relay  of  the  type  RES  1 5 is  given 

in  Fig.  1-17. 

Relay  has  the  single-coil  magnetic  system  of  valve  type 
with  the  flat/plane  core  of  L-shaped  form.  To  the  long 
end/lead  of  the  core,  is  welded  the  pole  piece. 


i* 


1 

1 
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Fig.  1-17.  Relays  of  type  RES  1 5. 

Page  41. 

The  flat/plane  unbalanced  armature  is  arrange/located 
parallel  to  core  and  returns  to  initial  position  with 
cylindrical  hair  spring.  Coil  form,  detachable  from  plastic,. 
The  base  of  the  relay  of  circular  shape  is  made  from 
plastic.  In  the  base  it  is  pressed  five  of  flexible  lead 
wires  (end/leads)  , three  for  contacts  even  two  for  a 
winding. 

Fixed  contacts  have  cylindrical  form,  are  made  from 
alloys  pit  10  and  are  welded  into  joint  to  the  internal 
end/leads  of  two  lead  wires. 


I 
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Slide  contact  has  also  cylindrical  fcrm;  it  is  welded 
to  the  end/leads  of  the  tlat/plane  U-shaped  spring, 

strengthened  to  the  armature  of  relay,  and  it  is 
arrange/located  at  an  angle  of  90°  to  fixed  contacts. 

Relay  shielded  cylindrical  jacket  from  aluminum  is 
flooded  from  base  by  epoxy  resin. 

Pressure  in  the  contacts  3 g,  the  gap  between  them 
0.15  mm.  Power,  consumed  by  relay  during  function  - 0.15 
H. 

Minding  impedance  of  the  relay  of  different  certificates 
is  equal  to:  160,  330,  720  and  2200  ohm.  spill  currents 
are  respectively  equal  to:  30;  21;  14.5  and  8.5  mA.  Relay 
reset  coefficient  0.  23-0.  24.  Triggering  time  with  rated 

current  is  not  more  than  8 ms,  releasing  time  is  less 
than  2 ms. 

Service  life  of  the  contacts  cf  relay  with  resistive 

load  0.2a-30c  either  0.015a-150c  of  direct  current  or 
0. 13a-127c  alternating  current  by  frequency  50-400  Hz  - 10* 

F 

; f 

i 
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functions-  Contact  resistance  under  normal  conditions  is  not 
more  than  1 ohm.  Insulation  resistance  is  not  less  than 
100  HQ. 


The  testing  voltage  of  insulation  500  eff.  V,  after 
the  stay  for  48  h under  conditions  of  the  increased 
humidity  - 250  eff.  V. 

Overall  dimensions  of  the  relay:  diameter  11  mm,  length 
without  conclusions  16  mm  (length  of  conclusions  16  mm). 
Height  is  not  more  3. 2d. 


1-17.  Hiniature  relays  of  the  series  TK  Ye. 


The  miniature/small  electromagnetic  relays  of  the  series 
TKYe  depending  on  the  value  of  commuted  current  and  number 
of  contacts  are  released  the  following  types:  TKYe2  10B, 

TKYe2 1PD,  TNYe2lPD,  TKD21FK,  TK  Ye52  PD,  TK Ye53  PD,  TKYe53PK, 

TKYe56PD,  TKD12PD,  TKD12EK,  etc. 

The  designation  of  these  types  of  relay  designates:  T 

» ' 

thirty  volt  (great  voltage);  K - commutation  relay,  N - 

r 

r 

I I 

If 
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voltage  relay  or  T current 

tens;  the  first  numeral  is  a 
amperage  (number  of  unity  or 
a number  of  breaking  contact; 
circuit  closing  contacts;  the 
the  number  of  stud  switche 
K - the  short-term  operating 
actuation  voltage  during  vibra 
temperatures  to  +60°C  and  T 
to  ♦90°C. 

Page  42. 


relay; 

Ye 

— 

units  or  D 

value 

of 

t he 

nominal  switched 

dozens 

ampere)  ; 

the  second  is 

the  third 

is 

a number  of 

second 

numeral 

with  letter  P 

; d 

the 

continuous  duty  or 

mode ; 

U - 

is 

specified  the 

ions ; 

0 - 

for 

operat ion  at 

for 

operation 

at  temperature 

Designation  TKD 1 2 PD  is  deciphered  as  follows:  commutation 
relay  on  30  v for  a continuous  duty  with  two  switching 
contacts,  designed  for  the  commutation  of  current  10a  with 
inductive  lead  (r  = 0.015  s) . 

The  relays  of  the  series  TKYe  are  intended  for 
operation  at  ambient  temperatures  from  -60  to  ♦50°C  (if  the 
upper  apparitor  of  temperature  it  is  not  stipulated  by 
special  supplementary  letter  "0”  or  "T")  , relative  humidity 
to  98o/o  at  temperature  of  ♦20°c,  vibrations  in  the  range 
of  frequencies  from  10  to  200  Hz  with  acceleration  5g, 


DOC 


780 12403 


PAGE 


linear  accelerations  to  8g  and  atmospheric  pressure  to  41 

mm  Hg. 

Nominal  voltage  on  winding  and  in  the  circuit  of 


contacts  is 

equal  to 

27  V, 

t he 

limits  cf 

operatin  g 

stresses  from  24  to 

> 

o 

cn 

( for 

the 

rela  y. 

designed  to  the 

short-term 

operat ing 

mode  "K 

M — 

from 

16  to 

30  V).  The 

voltage  of 

the  function  of 

relay 

at 

ambient  temperature  of 

20  ♦.  5°C ; 

in  cold 

state  is  not 

more  than 

14  V (for 

relay  "K" 

less  than 

9 V)  , 

in  the 

heated 

state  are  not 

more  than 

18  V (for 

relay 

"K" 

less 

than 

12  V) ; at 

ambient  temperature  of  <-50°C 

in 

t he 

heated 

state  are  not 

more  than 

22  V (for 

relay 

"K" 

less 

than 

14  V)  . 

Drop-out  voltage  with  20  5°C:  in  cold  state  are  not 


mote  than  3.5  V 

(f  or 

relay  "K" 

less 

than 

2 V)  , in 

the 

heated  state  are 

not 

more  than 

5 V 

(for 

relay  "K" 

less 

than  3 V)  ; at  ♦50°C 

in  the  heated 

state. 

not  more 

than 

5.5  V (for  relay 

M K" 

is  less 

than 

3.5  V) 

• 

During  the  short-term  mode  of  the  work  of  relay,  it 
is  included  on  5 min,  and  then  is  disccnnect/turned  off  to 
complete  cooling. 
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With  alternating  current  the  contacts  can  switch  voltage 


no  t 

more 

than  220 

V at  frequency 

to  900  Hz 

and 

cos 

* > 

0.  5 

(load 

of  al  1 

contacts  must  be 

connected 

from 

one 

and 

the 

same 

phase)  . 

Service  life 

of  contacts  with 

inductive 

load 

- 10* 

of 

cycles  (functions).  At  resistive  lead  the  current  strength 
can  be  increased  approximately  to  6O0/0. 

The  relay  reset  coefficient  is  within  the  limits  from 

0.09  to  0.15. 

Time  delay  with  nominal  voltage  10-19  ms,  releasing 
time  2. 4-3. 5 ms. 

A voltage  drop  across  contacts  with  nominal  load  is 

not  more  than  0.09  V. 


The 

100  no, 

humidity 


insulation  resistance  of  relay  is  not  less  than 
after  the  stay  under  conditions  cf  the  increased 
of  more  than  3 HR. 


The  testing 


voltage  of  insulation  of  the  winding  500 


V,  of  contacts 


is  1500 


V. 


DOC 


78012403 


PAGE 


The 

general  view 

of  t he 

relay 

of  types  TKE21PD 

a nd 

TK Ye  21 PK 

is  shown 

in 

Fig.  1- 

18. 

The 

relays  of 

the 

ser ies 

TKYe 

have  a magnetic 

sy  ste 

of  the  valve  type  of  <5K-shaped  form. 

Page  43. 

Fixed  contacts  from  silver  are  soldered  to  flat/plane 

leading-out  buses,  pressed  into  insulating  panel  (base)  from 

plastic  (brand  K—  21—22) - Magnetic  system  is  also  fastened  to 
this  panel  with  two  screw/propellers.  Slide  contacts  are 
riveted  to  the  contact  spring,  strengthened  to  armature. 

Armature  returns  with  initial  position  with  the  aid  of 
cylindrical  spiral  return  spring.  Coil  form  is  made  from 
plastic  of  brand  K-21-22  (for  the  relay,  designed  to  the 
short-term  operating  mode,  from  plastic  of  brand 

FKP-l*  Jacket  (cap/hood)  is  stamped 

out  from  aluminum  alloy  AMtsA-M. 
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Page  44. 

In  the  bottom  of  jacket,  are  rolled  two  screwed 
sleeves  for  the  screw/propellers,  which  fasten  relays  to 
board. 


After  assembly  and  adjustment  on  relay,  is  put  on  the 
jacket  and  of  its  edge  they  open  out  on  the  edge  of 
panel  (base). 


The 

f undamen  tal 

parameters 

of  some 

t y pes 

of  the  relay 

of  the 

series  TKY 

are  given 

in  Table 

1-  1. 

The  relays. 

intended  for  the  short-term  operating  mode,  consume 
approximately  two  times  large  power  with  nominal  voltage. 


1-18.  Relays  of  the  type  RE  Si  4. 


A new  telephone  relay  of  the  type  EES  1 4 to  24  contact 
springs,  developed  by  the  plant  "Tesla'*  (CSSR),  has  the 
magnetic  system,  analogous  to  relay  of  type  RKN-1. 
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The  general  view  of  relay  of  the  type  RES  1 4 is  shown 

in  Fig.  1-  19. 

Section  of  housing  22  x 2 mat.  The  core  of  relay  is 
welded  to  housing.  Diameter  of  core  7 am,  length  60  mm. 

To  the  end/lead  of  the  core,  is  mounted  polar  shoe  in  the 

form  of  steel  washer  by  diameter  15/7  mm. 

The  armature  is  made  made  of  sheet  steel  by  thickness 

1.5  mm,  it  is  held  by  the  flat/plane  plate,  welded  to 
housing.  To  armature  is  stuck  nonmagnetic  antistick  strip 
from  plastic  material.  Ceil  form  detachable,  from  plastic. 

In  the  rear  jaw  of  the  coil  it  is  pressed  six  of 

leading-out  plugs. 

The  contact  system  (packet)  of  relay  can  have  from  two 
to  six  series  of  contact  springs  in  four  springs  in  each, 

moreover  each  series  of  springs  is  pressed  of  base  into 
separate  block  from  plastic.  The  movable  springs  are  made 
from  white  copper  as  thickness  0.35  mm,  and  motionless  have 
thickness  of  0.5  mm.  Width  of  springs  3 mm,  calculated 

length  40  mm.  Movable  springs  at  length  17  mm  are 
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bisected,  their  end/leads  bent  and  to  them  welded  the 
longitudinal  silver  contacts  of  semicylindrical  form  by 
diameter  1 aim  by  length  2 mm.  To  the  end/lead  of  the 
motionless  springs  are  welded  the  transverse  contacts  by 
length  3 mm.  Movable  contact  springs  are  pressed  into 
blocks  at  small  angle,  so  as  to  to  ensure  after  assembly 
the  assigned  contact  pressure  (20  2 g)  without 

readjustment. 


to 


by 


Contact,  packet 
the  housing  of 
spring  bracket 


is  collect/built  in  the  cassette, 
relay,  and  it  traces  itself  from 
without  screw/propellers  and  nuts. 


welded 
a bove 


» 
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Fig-  1-19-  Relays  of  type  RES14- 


Page  45- 


Cassette 

has 

from  two  sides 

stepped 

supports 

for 

the  second 

plastic 

block 

which  fastened 

the  end/leads  of 

the 

motionless 

springs- 

The 

contact  system 

of  relay 

can  have 

from  4 to 

24  contact  springs. 

£ft  ort/force  from 
springs  with  the  aid 
getinax,  which  is  he 
springs. 

Course  of  the  armature  of  relay  1.5  m ; the  gap 
between  the  contacts  0. 4-0-5  mm;  the  gear  ratio  of  armature 


armature  is  transmitted  to  contact 
of  the  special  framework  out  of 
Id  on  top  by  two  flat/plane  return 
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Time-lags  ralay  have  on  core  copper  tube  with  wall 
thickness  1 or  2 mm. 

The  advantages  of  a new  relay  of  the  type  re  Si  4 are 
small  overall  sizes,  a larger  quantity  of  contact  springs, 
a little  higher  speed  of  response,  larger  service  life  and 
the  smaller  labor  expense  of  adjustment. 

Overall  dimensions:  22.7  x 48.5  (39)  x 80  (66)  mm, 
space  88  cm3,  weight  170  g. 


1-19.  The  relay  of  firm  "Western  Electric" 


In  1952  laboratory  Bell  together  with  firm  "Western 
Electric"  developed  new  telephone  relay  with  wire  contact 

springs  (string  relay)  of  the  type  AF  [1-25].  The  general 
view  of  this  relay  is  shown  in  Fig.  1-20. 

The  magnetic  circuit  of  relay  - die-forge/stamped, 
•5/^rshaped  form;  is  made  made  of  sheet  steel  by  the 
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thickness  4 nunr  which  provides  lo/c  of  silicon.  The 

reluctance  of  the  magnetic  system  of  relay  because  of  the 
absence  of  joint  and  larger  surface  of  poles  is  2-3  times 
less  than  in  relay  of  the  type  U [1-19]. 

The  movable  contact  springs  of  relay  are  made  from 
German  silver  wire  by  diameter  0.58  mm  and  are  pressed 

into  comb/racks  (packets)  of  plastic  (one  flat/plane  spring 
is  replaced  by  two  in  parallel  arranged/lccated  wires  with 
contacts  of  palladium  on  end/leads).  Wire  springs  do  not 
virtually  require  adjustment  and  dc  not  give  vibration, 
since  for  the  break  of  circuit  both  contacts  vapors  must 
be  disconnectted  simultaneously. 

Overall  dimensions  of  relay  48.4  x 37.  2 x 115  (96) 

mm.  Great  quantity  of  contact  springs  48  (24  closing  or 

breaking  contact)  . 

Specific  volume  8.7  cm3.  Sensitivity  12  mW.  Triggering 
time  composes  2.7-5  ms,  releasing  time  2-7  ms.  Time-lags 
relay  with  red  copper  tubes  (of  type  AG)  have  a releasing 
time  from  200  to  530  ms. 

Course  of  the  armature  of  relay  0.7-1. 1-1.5  mm,  the 


f 


1/ 
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plug  of  loosening  0. 

15 

mm. 

Pressure 

in  t he 

contacts 

6 g. 

Service  life  of  rela 

y 

w ith 

inductive 

load  0. 

09a-60c 

(with 

spark  extinguishing) 

250 

-500 

million 

f unct icns 

without 

readjustment  (of  up 

to 

40 

years) . 

!•' 


! 
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of  type  U;  d)  magnetic  system  of  relay  cf  type  U. 


Page  47. 

The  advantages  of  relay  of  the  type  AF  is  a large 

quantity  of  contact  springs,  high  speed  of  response  and 
release/temperings,  small  power  consumption,  prolonged  service 
life  and  low  cost/value.  Because  cf  a small  quantity  of 

parts,  the  wide  application  of  automatic  production 
processes,  high  manufacturing  precision  and  the  absence  of 
the  necessity  for  manual  adjustment,  the  cost/value  of  relay 

of  the  type  AF  almost  half  than  relay  of  the  type  U. 

In  1954  in  laboratory  Bell  was  developed  multiple  arm 


relay  with  wire 

springs 

[ 1-26], 

having  60 

contact  springs 

(30  the  closing 

or  30 

breaking 

contact)  . 

By  construction  it 

is  analogous  with 

relay 

of  the 

type  AF. 

In 

1958  laboratory 

Bell 

published  the 

inf ormati on 

about 

the  development  of  the 

new 

modification  cf 

relay  with 

wire 

springs 

- the  doubled 

relay 

of  the  type 

AK  [ 1-27]. 

It  h as 

two  independent  magnetic  systems  with  separate  windings  and 

the  dialing/sets  of  the  contact  springs,  working 
independently  of  each  other. 
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AK 


Total  quantity  of  contact 
and  its  overall  dimensions 


springs  of  relay  of  the  type 
the  same  as  in  relay  of  the 


type  AF. 


1-20.  The  miniature/small  relay  of  firm  "Electro-Tek 
Corporation”. 

Figures  1-21  shows  the  cut/section  of  relay  with 
suction  armature  (solenoid  type)  and  the  conical  stop  of 
firm  "Electro- Tek  Corporation”.  Of  this  relay  the  core 
(ream/feet)  occupies  the  lower  half  of  the  internal  duct  of 
coil,  and  cylindrical  armature  (plunger)  - an  upper  part  of 
this  channel.  Armature  is  moved  within  the  thin-walled 
directing  brass  tube.  For  provision  by  large  vibration-  and 
impact  resistance,  the  weight  of  armature  is  considerably 


decreased 

armature  is 

made 

hollow. 

Magnetic 

flux  falls 

into 

plunger 

from  passage  collar 

(which  surrounds  plunger 

steel 

tube 

of  magnetic 

circuit) 

through  the 

ballast  air 

gap 

and  t he 

directing 

brass  tube. 
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Passage  collar  (steel  tube)  concludes  in  a bottom  that 
surrounds  coil  outside  the  magnetic  flux  cf  relay  is  closed 
through  the  edge  of  end-type  collar  (steel  jaw,  mounted  to 
the  end/lead  of  the  core  of  relay)  and  the  working  air 

pole  gap  of  core  (stop)  and  the  bottom  of  armature 

(plunger) . 

Magnetic  system  is  soldered  with  high-melting  solder  or 
is  welded  on  to  the  base  (base)  of  relay  with  the  aid  of 

framework/body  made  of  sheet  iron. 

Coil  has  relatively  larger  size/d ime nsions  and  occupies 
about  70o/o  of  internal  volume  (length)  cf  relay.  Coil  form 
is  manufactured  from  heat-resistant  plastic. 

For  windings  is  applied  red  copper  wire  with 
heat-resistant  enamel  or  teflon  insulation. 

Page  48. 

Outside  winding  they  are  shielded  by  teflon  tape  or  polymer 

film. 

Y 

Contact  system  is  arrange/located  directly  on  the  basis 
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(base)  of  relay.  Contact  springs  are  soldered  directly  to 
the  internal  end/leads  (pins)  of  the  leading-out  hooks, 
isolate/insulated  from  the  base  of  relay  by  glass  insulating 
beads.  The  contact  system  of  relay  consists  of  six  stud 
switches  of  original  construction.  Contact  springs  have  round 
cross-section  and  are  made  from  wire  by  diameter  of 
approximately  0.8  mm. 


Movable  springs  by 
leading-out  pins  and  are 
to  400°  (somewhat  more 
of  the  rectified  movable 


one  end/lead  are  welded  to 

bent  in  circumference  approximately 
than  to  one  turn).  Calculated  length 
spring  of  approximately  21  mm. 
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Fig.  1-21-  Relays  of  firm  "Electro-Tek  Corporation"  type 
Park  II. 


1 - 

core  with 

conical  stop;  2 

suction  armature 

(plunger) 

; 3 - guiding  trass  tube; 

4 - passage  collar 

of 

magnetic 

circuit  (beaker) ; 5 - steel 

closing  jaw;  6 

base 

(base)  ; 

7 - jacket; 

8 - coil;  9 

driving/homing  bush 

of 

contact 

system  (from 

plastic) ; 10 

pusher  of  armature; 

1 1 

return  spring  of  armature;  12  - movable  contact 

motionless  contact  springs;  14 


13 


glass  insulating  insulating  bead 


leading-out 


spr ing; 
hook;  15 
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The  free  end/lead  of  movable  spring  is  directed  to  the 
center  of  relay  and  enters  in  opening/aperture  on  the 
cylindrical  surface  of  stepped  bush  from  plastic  which  is 
moved  under  the  action  of  pusher  and  changes  over  contact 
groups  during  the  function  of  the  plunger  of  relay. 

Slide  contact  has  a form  of  the  shcrt  tube,  put  on 
to  spring  and  welded  to  it. 


99 

Moti on  less” 

contact  springs 

have 

1- shaped  form. 

length 

their 

welded 

4-6  mm.  To 

cy lindrica  1 

the  end/leads 

contacts. 

of 

these  springs. 

are 

Pressure  in  normally  closed  contacts 
of  pressure  the  bush  of  the  recurrent 
plunger.  During  closing/shorting  the  slid 
along  motionless,  as  a result  of  which 
themselves  well,  is  remove/taken  contamin 
contact  resistance  of  contacts.  This  con 
raises  the  reliability  of  contacts  with 


increases 
helical  spri 
e contact  s 
contacts  th 
ation  and  d 
struction  co 
v ibrations 


beca  use 
ng  of 
lips 
ey  fit 
ecreases 
nsid  erably 
and 
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impacts  and  improves  their  wor,  with  low  currents  and 

voltages. 

During  the  function  of  relay,  the  effort/force  from 
armature  (plunger)  through  the  tubular  pusher,  which  passes 
in  the  through  channel,  drilled  in  core,  is  transmitted  to 

stepped  bush  from  plastic  which  presses  on  the  end/leads  of 
the  movable  springs  and  changes  over  contact  groups.  Bush 
returns  to  initial  position  with  cylindrical  spiral  spring. 

After  assembly  and  adjustment,  the  jacket  is  soldered 
to  the  base  (base)  of  relay.  The  internal  volume  of  relay 

is  filled  with  nitrogen  at  normal  atnospheric  pressure 
through  the  special  opening/apertures  in  jacket,  which  then 

also  are  solderred. 

Weight  of  relay  of  approximately  130  g. 

1-21.  Miniature  relay  of  the  firm  "Elgin  National  Watch" 


Miniature  electromagnetic  relay  with  two  stud  switches 
cf  series  MV  of  the  firm  "Elgin  National  Watch"  has  the 
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twc-coil  nonpolarized  magnetic  system  with  the  rotary 
balanced  armature,  which  are  turned  on  the  axis, 
side-by-side  to  the  cores  of  magnetic  circuit.  The  outline 
of  the  relay  of  series  MV  is  given  in  Fig.  1-22. 


The  magnetic  system  of  relay  consists  of  two  cores  of 
round  cross-section  with  the  pole  pieces  of  semicircular 
section,  pressed  into  the  clamp  of  U-shaped  form  from 
brass. 


To  cores  are  put  on  coils  with  plastic 
framework/bodies,  and  the  end/leads  of  the  cores  are  rolled 
cn  top  in  the  closing  plate  of  magnetic  circuit. 


In  the  middle  of  clamp,  is  pressed  the  axis  on  which 
is  turned  flat/plane  symmetrical  armature  with  two  pushers, 
which  conclude  with  the  glass  beads.  Armature  returns  to 
initial  position  with  helical  spring. 


Page  50. 


The  free  end/leads  of  the  clamp  on  which  is  fastened 

the  magnetic  system,  are  welded  to  the  base  (socket)  of 

relay.  base  has  oval  form  and  it  is  made  from  Kovar 
alloy. 
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Both 

coils 

of 

relay  are 

connected  in  series.  Upon 

connection/inclusi 

on 

of  armature 

windi 

ng,  cf  relay  is 

attract/tightened 

to 

the  pole 

pieces 

and  with  the  aid 

pushers 

changes 

over 

simultaneously  b 

oth  contact  groups. 

the 


of 


» 


» 

I 


Fig.  1-22. 

Belays 

of  series  MV.  1 

core;  2 

- 

pole,  3 

clamp  of 

the  attachment  of  magnetic 

system;  4 

- 

c los ing 

plate  of 

magnetic 

circuit;  5 - axis 

of  armature; 

6 - 

armature; 

7 - pusher  of  armature;  8 

return 

spring;  9 

travel  limiter  of 

armature;  10  - socket  (base 

of 

relay)  ; 

11  - coil 

; 12  - 

leading-out  hook; 

13  - insulating  glass 

insulating 

beads; 

14  - movable  contact  spring; 

15 

- 

motionless 

contact 

spring. 
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Page  51. 

Contact  system  with  two  stud  switches  is  mounted 
directly  on  the  internal  surface  of  the  base  (base)  of 
relay. 


Contact  springs  are  arrange/located  in  the  plane, 

perpendicular  to  base,  and  are  soldered  tc  the  internal 
end/leads  (pins)  of  the  leading-out  hooks,  isolate/insulated 

from  base  by  glass  insulating  beads.  Contact  springs  are 
made  from  alloy  sil ver-magnes iu m- nickel  which  simultaneously 
serves  both  as  spring  and  contact  material.  Contacts  are 
covered  with  gold. 

Relays  shielded  seamless  jacket  from  white  copper  which 
is  soldered  to  base.  The  internal  volume  of  relay  is 
filled  by  dry  nitrogen  with  the  small  impurity/admixture  of 
helium  at  a normal  atmospheric  pressure. 


The  power,  necessary  for  the  function  of  relay,  is 


equal  to  0.25  W . The  contacts  of  relay  are  intended  for 


I 
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the 

commutation  of 

resistive  load  a 

with  voltage 

32 

4-i 

o 

> 

direct  current  or 

115  V of  alternating  current. 

The 

service 

life 

of  contacts 

is  more  than  10s 

functions. 

Overall  dimensions:  9.1  x 20.2 

x 22.  2 (27) 

mm  . 

Weigh  t 

is  about  14  g. 


1-22.  Subminiature  relay  of  firm  "S.  Smith  and  Sons, 
Limited". 


Figures  1-23  shows  the  device  of  subminiature  relay 
with  one  stud  switch  of  the  type  1 1PCR  of  firm  " S.  Smith 
and  Sons,  Ltd"  ,[  1-27  ]. 


Relay  has  armor  type  valve  magnetic  system,  which 


consists  of  iron 

cylinder  and  core 

with 

coil.  Coil  form 

made  from  plastic. 

Flexible 

outputs 

of  the  winding  are 

0 pressed  into  the 

lower  jaw 

of  coil 

The 

pole  of  core 

sealed  in  in  the 

brass  jaw 

which 

after 

the  winding/coil 

coil  seals  in  itself  in  the  cylinder  of  magnetic  circuit. 


is 


of 


Contact  system 

and  araature 

are 

mounted  oa 

the  glass 

iasalator  which  is 

.»  ,i 

sealed  in  in 

ring 

froa  Kovar 

■ 11  oy  . 

> . • H 
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Fig-  1~23.  Relays  of  type  11PCR.  1 - core;  2 - armature 

3 - coil;  4 - steel  cylinder  (magnetic  circuit) ; 5 

steel  base;  6 - sealing  brass  jaw;  7 - external  brass 

jacket;  8 - glass  insulator;  9 - slide  contact;  10  - 
suspension  spring  of  armature;  11  - fixed  contacts;  12 

conclusion  of  slide  contact;  13  - coil  leads;  14  - rivet 
for  the  attachment  of  insulation  of  slide  contact  from 

armature. 


Page  52 
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Armature  has  a 
circle,  and  is  susp 
beryllium  bronze  to 
lead  wires,  sealed 
these  wires  is  cut 


form  of 

the 

Flate, 

cut  out 

fro® 

end/hung 

from 

fine/th 

in  flat 

spr ing 

the  corner 

iron,  st 

rengthened 

to 

in  in  glass  insulator  (outside  one 
off)  . 


from 

wo 

of 


Fixed 

contacts  are 

two 

the  alloy 

of 

platinum 

with 

sealed  in 

in 

glass  insulator 

angles. 

Slide 

contact  also 

from 

cf  clamp 

at 

armature 

and  it 

by  mica. 


co  vered 

with 

gold 

wires 

fr 

rh  odiu  m 

whose 

end/leads 

are 

and  it 

is 

tent 

at  r 

ight 

wire  is 

fas 

tened 

with 

the 

is  isolate/insulated  from 


on 


aid 

it 


Press  ure 

in  the  breaking 

contact 

is 

establish /installed 

within  limits 

from  7 to  15  g 

, but 

the 

gap 

among 

contacts 

is  more  than 

0. 076  mm,  after 

which 

the 

ring 

from 

Kovar 

alloy  with  contact  and  movable  system  seals  in  itself  on 
the  one  hand  in  brass  cylinder  (jacket  of  relay). 


Into 

inserted 
will  be 


the  opposite  opening/aperture 
the  magnetic  system  which  is 
pullled  to  the  pole  of  core 


of  this  cylinder,  is 
moved,  while  armature 
and  will  switch 
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contacts  with  the  minimum  actuation  voltage,  conducted  to 
winding.  By  this  is  provided  the  unit  of  the  course  of 
armature.  Then  the  cylinder  of  magnetic  circuit  is  soldered 
to  the  jacket  of  relay- 


Thus, 

contact  system 

hermet ically 

is  insulated 

from 

the 

winding  of 

relay  and  surrounding  air 

with  aid  of 

metal 

a nd 

glass.  For 

the  protection 

of 

winding 

of  the  action  of 

humidity. 

the  lower  open 

part 

of  magnetic  system 

w ith 

outputs  of 

winding  fills 

w ith 

epoxy 

resin. 

The  power,  necessary  for  the  function  of  relay,  is 
within  the  limits  from  0.22  to  0.32  W.  The  contacts  of 
relay  are  intended  for  the  commutation  of  resistive  load 
0.5/1  with  voltage  30  V of  direct  current.  The  service  life 
of  contacts  is  more  than  10*  functions. 

Overall  dimensions  of  the  relay:  diameter  7.5  mm, 
length  12.7  mm  (without  lead  wires)-  Weight  is  equal  to  3 
g (without  conclusions  2.5  g)  . 


1-23.  Fundamental  parameters  of  relay 
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To  the  fundamental  parameters  of  intermediate  (governing) 
electromagnetic  relays,  they  are  related: 

< 

a) .  Commutation  possibilities  (great  quantity  of  contacts 
of  relay  - the  pairs  of  contact  springs). 

b)  . Power  of  function  (power,  necessary  for  the 
complete  function  of  relay)  . 

c) .  Driving  power  (nominal  power,  consumed  by  the 
winding  of  relay) . 


d)  . 

Smallest 

power  of 

function 

(minimum 

power. 

necessary 

for  the 

complete 

function 

of  relay. 

loaded 

by  one 

c losing 

or  stud 

switch)  . 

i. 

FOOTNOTE  ».  the 

smallest 

power 

of 

the 

function  of  relay  is 

sometimes  called 

critical 

power 

or 

the 

"sensiti vity"  of 

relay  according 

to  power. 

ENDFOOTNOTE. 

J 

/ 

>*, 
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e)  . Switched  by  the  contacts  of  relay  (controlled) 

j 

power  (current,  voltage  and  power,  the  reliably  disruptted 

J 

by  contacts  relays  during  the  assigned  service  life). 

Fage  53. 

f) .  Control  ratio  (ratio  of  the  power,  switched  by 

contacts,  to  the  power  of  the  functicn  cf  relay).  \ 

g)  . Resett  ing  ratio  (ratio  of  the  current  of 

release/temper ing  to  the  spill  current  of  relay)  . 

h) .  Triggering  time  (interval  of  time  from  the 

torgue/moment  of  the  closing/shorting  of  governing  circuit  to 
the  effect  of  relay  on  the  controlled  circuit). 

i) .  Greatest  frequency  of  work  (greatest  pulse 
frequency,  the  relayed  relays  without  noticeable  distortions). 

j)  . Greatest  power  capacity  in  winding  (the  highest 


efficiency,  scattered 

by 

the  winding  of 

relay 

at  t he 

assigned  temperature 

of 

overheating  and 

d uring 

conti nuous 

duty) . 

» ' i 
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it).  Wear  resistance  (service  life)  (number  of  cycles, 
reliably  switched  by  the  contacts  of  relay  with  the 
assigned  electrical  load  of  contacts)  . 

l) .  Reliability  of  the  operation  of  relay,  characterized 

by  the  probability  of  its  failure-free  operation  during  the 
specific  time  (1,  10,  100  h and  so  forth). 

m) .  Overall  dimensions  (space)  and  weight. 

To  the  electromagnetic  relay,  intended  for  operation  in 
movable  equipment,  are  imposed  the  sufplementary  requirements: 

a) .  Thermal  stability  and  cold  stability  (property  of 
relay  to  retain  its  efficiency  at  the  increased  and  reduced 
amfcient  temperature). 

b)  . Moisture  resistance  (property  cf  relay  to  remain 
operable  in  medium  with  the  increased  relative  humidity 
is  above  80o/o). 

c)  . Vibration  resistance  (property  of  relay  to  retain 
its  efficiency  under  the  influence  of  vibration)  and 
vibration  stability. 

r 


u 
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d) .  Stability  to  the  effect  of  linear  (centrifugal) 
accelerati on. 

e) .  Impact  stability  and  impact  strength. 

f) .  Height  (property  of  relay  to  remain  operable  under 
operating  conditions  at  the  lowered/red uced  atmospheric 
pressure) . 

g) .  Airtight  ness,  dust-protection,  splash  resistance  or 
water- resistance. 

h) .  resistance  to  tropical  conditions. 

a).  Commutation  possibilities  of  relay. 

One  Of  the  fundamental  parameters  of  electromagnetic 
relay  are  its  commutation  possibilities,  i.e.,  great  number 
of  circuits  which  can  control  simultaneously  one  relay. 

f 


The  commutation  possibilities  of  relay  are  determined  by 
the  peak  load  (by  greatest  quantity  ot  contact  springs), 
which  it  can  raise  relay. 
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Table  1-2.  Parameters  of  soie  types  of  electromagnetic 
relays. 
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Key: 

(1)  - 

Parameters  of  relay. 

(2) . Units  of 

measurements. 

(3). 

Type 

of  relay 

. (4) . Quantity  of  contact 

group s.  (5)  . 

pcs. 

(6). 

Great  quantity  of  contact  springs. 

(7)  . 

Am  pe  re 

-turns  of  function  with  1 

stud  switch. 

(8). 

AV.  (9)  . 

Power 

of 

f unction 

with  1 stud 

switch.  ( 1C)  . 

mU. 

(11). 

Power 

of 

function 

with  nominal 

load.  (12).  W 

. (13). 

Triggering 

time  of 

normal  relays 

. (14).  ms. 

(15)  . 

Trig gering 

time 

of 

time-lag  s 

relay.  ( 16)  . 

Releasing  time 

of 

n orma 1 

relays.  (17).  time-lags  relay.  (18).  the  averaged 
resistor/resistance  of  turn  (with  k3  = 0.6).  (19).  ohm. 

(20).  Given  inductance  of  1 turn  with  the  nonpullled 
armature  (max.).  (21).  H.  (22).  Given  inductance  of  1 turn 

with  the  pullled  armature  (max.)  6,  = 0.1  am.  (23).  Given 
inductance  of  1 turn  with  frequency  of  1000  Hz-  (24). 

Highest  efficiency  in  winding  (at  3 = 60°C)  . (25). 

Size/dimensions  of  magnetic  circuit.  (26).  the  diameter  of 
core.  (27).  the  section  of  core.  (28).  the  section  of 
pole.  (29).  cm.  (30).  the  length  of  core.  (31).  Average 

length  of  magnetic  circuit.  (32).  Regulating  parameters. 

(33).  the  course  of  armature.  (34).  the  height/altitude  of 
plug.  (35).  Pressure  in  circuit  closing  contacts.  (36). 
Pressure  in  the  breaking  contact  the  gap  between  contacts. 
(37).  Size/dimensions  of  winding  space.  (38).  the  inner 
diameter  of  winding.  (39).  the  height/altitude  of 


the  jaw 
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of  coil.  (40).  the  height/altitude  of  winding.  (41).  the 

length  of  winding.  (42).  the  section  of  the  window  of 

winding.  (43).  Overall  dimensions  cf  relay.  (44).  width. 

(45).  height/altitude.  (46).  length.  (47).  the  area  of 
facade.  (48).  space.  (49).  Specific  size/dimensions  of  relay. 
(50).  Weight  of  relay  with  full  load.  (51).  g-  (52).  the 
specific  gravity/weight  of  relay.  (53).  Weight  of  active 

materials.  (54).  steel.  (55).  copper.  (56).  Weight  of  the 
armature  of  relay.  (57).  Maximum  voltage  on  winding.  (58). 

V.  (59).  Nominal  circuital  current  of  contacts.  (60). 

(61).  Nominal  voltage  on  contacts.  (62).  the  testing  voltage 

of  winding  and  contacts.  (63).  Service  life  of  relay  with 
nominal  resistive  load.  (64).  cycles. 


FOOTNOTE  *.  To  one  pair  of  contact  springs.  ENDF3DTNOTE. 

Page  56. 

The  full  load  of  relay  depends  on  the  size/dimensions 
of  relay,  and  also  on  form  and  relative  value  of  the  pole 
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piece,  which  determine  the  character  of  the  electromechanical 
characteristic  of  relay. 

Table  1-2  gives  given  data  on  commutation  possibilities 
and  the  size/dimensions  of  magnetic  circuit  for  the 
different  types  of  electromagnetic  relays. 

For  a comparison  in  Fig.  1-24  and  1-25  are  given  the 
load  and  electromechanical  characteristics  cf  different 
relays.  Full-load  saturation  curves  were  remove /taken  with 
nominal  for  each  type  relay  clearance;  they  were  constructed 
in  function  of  the  required  power.  Electromechanical 
characteristics  are  given  fcr  power  0.2  W. 
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Fig. 

1-24. 

Pull- 

load 

saturation 

curves 

of 

different 

relay 

( wi  th 

nominal 

clearances)  . 

1 - 

type 

RKN  ( a 

mm)  ; 

2 - 

type 

RKN 

without 

the 

pole 

piece 

( » = 1 

type  RPN 

(« 

= 1 

.5  ram)  ; 

4 - 

type 

RKH- 

1 [a  = 

5 - 

type 

R3-  13 

(« 

= 1.0 

ram)  ; 

6 - 

ty  pe 

RS-13  wi 

pole 

piece 

(a  = 

1. 

B 

8 

O 

7 - 

type 

RS  M 

\C 

• 

o 

II 

type  RS- 

52  (* 

= 

1 ram)  ; 

9 - 

type 

MKU- 

48  (<r  = 

10. 

type  RMO  (* 

X 

0.4  mm) 

• 

( / ).  W;  C2.)  Cj> 


types  < 
1-  1 
nn 
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From  full-load  saturation  curves  it  follows  that  the 


greatest 

at  tracti ng 

force 

with  loads  above  120  g has 

relay 

of  the  type  RKN, 

after 

it  with  leads  to  200  g,  go 

by 

the  relay 

of  types 

RPN, 

RHU,  RKM-1  and  RS-52. 

With 

1 oa  d s it 

is  more  than  200  g the  characteristics 

of  relay 

RHU,  R K ti- 

1  and 

HS— 52  intersect  the  curves  of 

a 

relay  of 

the  type 

RPN. 

The 

curves  of 

t he 

dependences  of  attracting  force 

on 

the  required  power  and  electromechanical  characteristics 
during  the  comparison  between  themselves  of  the  different 
types  of  relay  give  incomplete  picture,  since  the 

constructions  of  contact  springs  and  groups  for  the 
different  types  of  relay  are  different,  and  consequently, 
value  and  type  of  load  on  armature,  created  by  uniform 

contact  groups,  for  the  different  types  of  relay  are 

different.  Therefore  for  the  comparison  between  themselves  of 
the  different  types  of  relay  Fig.  1-26  gives  the  curves  of 
the  dependences  of  conditional  work  on  the  course  of 

armature  at  power  0.2  W and  with  nominal  sizes  of  plugs. 
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Fig. 

1-25. 

electromechanical 

characteristics  of 

types 

of 

relay  (with 

p = 

0.2  H)  . 1 - type 

type 

BKN 

without  the 

pole 

piece;  3 - type 

RKM-1; 

5 

type  RS- 

13;  6 

- type  RS- 13  with 

piece ; 

7 

type  RS  M 

; a - 

type  RS-52;  9 

u - t 


type  NKO-48 
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Page  58. 

During  the  comparison  of  the  different  types  of  relay 
us  interests  in  the  final  analysis  not  the  attracting 

force,  created  by  the  armature  of  relay  at  different  power, 

but  the  power  (or  ampere-turns),  necessary  for  the 
closing/shorting  (or  interrupting)  of  one  or  the  other 
number  of  contacts.  Consequently,  for  the  comparison  among 
themselves  of  the  different  types  of  electromagnetic  relays 
to  conveniently  have  curves  of  dependences  of  the  required 
power  on  the  load  of  relay  that  which  was  measured  not  in 

grams,  but  expressed  as  a quantity  of  pairs  of  contact 
springs.  However,  depending  on  the  circuit  of  contact  group, 
this  power  with  just  one  number  of  springs  can  be 

different.  Thus,  for  instance,  closing  and  breaking  contact 
with  the  identical  number  of  contact  springs  require 
different  power;  two  changing  over  three  circuit  closing 
contacts  with  the  identical  number  of  springs  also  require 
different  power.  Therefore  for  obtaining  the  comparable 
results,  is  most  better  applied  uniform  leading,  i. e. , to 
load  the  compared  relays  with  identical  contacts. 


DOC  = 78012404 


PAGE  [3  Lf 


Pig.  1-26.  Curved  of  conditional  work  of  different  types  of 


relay 

(with 

P = 

0.  2 

W)  . 1 - 

type 

RKN  (6 

0 

= 0.3 

mm 

) : 2 

type  RKN 

without  t 

he  pole  piece 

(do  = 

0.2 

mu)  ; 

3 

- 

type 

RPN  ( 

60  = 

0.3 

mm)  ; 4 

type 

RKM—  1 

(60 

= 0 

.2 

mm)  ; 

5 - 

type 

RS-  13 

(6o 

= 0.2  mm) 

; 6 

- type 

RS 

-13  w 

it  h 

the 

pole 

piece; 

7 - 

type 

RSM  (60 

= 0. 

1 mm)  ; 

8 

- ty 

pe 

RS-52 

(6o 

= 0.  1 

mra)  ; 

9 - 

type  MK0- 

48  (6 

o — 0. 

2 

mm)  ; 

10. 

type 

RHU 

(6o  * 

0). 

Page  59. 


the 


Piguces  1-27  gives  the  curves 
required  power  during  function 


of  the 

dependent  es 

of 

on  the 

number  of 

pairs 
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of  contact  springs  for  the  different  types  of  relay-  From 
these  curves  it  follows  that  the  smallest  power  with 
uniform  loadings  it  consumes  relay  of  the  type  RKN,  for  it 
go  by  the  relay  of  types  RPN,  RKM-1  and  RMU. 

b)  The  smallest  ampere-turns  and  the  power  of  function. 

Under  the  smallest  (critical)  ampere-turns  of  excitation, 
necessary  for  the  complete  function  of  the  normally 
controlled  relay,  loaded  by  one  closing  (or  changing  over) 
contact. 

For  the  comparison  among  themselves  of  the  different 
types  of  relay,  is  more  right  to  estimate  the  quality  of 
their  construction  not  on  the  smallest  ampere  turns,  but 
according  to  the  smallest  (critical)  power,  necessary  for 
the  complete  function  of  relay,  loaded  by  one  closing  (or 
changing  over)  contact,  during  normal  adjustment  of  this 
relay  and  with  filling  of  entire  winding  space  of  coil. 
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Fig.  1-27.  Power  curve,  consumed  by  different  types  of 
relay  (n  - number  of  pairs  of  contact  springs)  . 1 type 

RKN;  2 - type  RFN;  3 - type  RKM-1;  4 - type  RKM-1 

without  return  spring;  5 - type  RS-13;  6 - type  RS-13 
with  pole  pieces;  7 - type  RSM;  8 - type  RS-52;  9 

type  MKU-48;  10  - type  RMO. 

Key:  ( 1) . mW. 
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Since  the 

power. 

consumed 

by  relay. 

depends  not  only 

cn  ampere-turns. 

but 

also  from 

size/d imensions 

and  the 

construction  of 

coil. 

relay  of 

dif  ferent 

type 

with  the 
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identical  ampere-turns  of  function  they  can  consume  different 
power- 

other  conditions  being  equal,  the  power,  consumed  by 
relay,  depends  also  on  the  temperature  of  winding,  diameter 
cf  wire  and  thickness  of  its  insulation-  Therefore  for 
obtaining  the  comparable  results  during  the  computation  of 


the 

power,  consumed  by 

relay 

, let 

Us  accept  the 

t emperature 

of 

the  winding  of  equal 

to 

♦ 20°C 

and  duty  factor  k3  = 

0.6 

(this  corresponds  to 

t he 

wire 

of  the  brand 

PEL  by 

diameter  0. 14  mm)  . 

The  power,  required 

by 

relay 

during  function. 

is  equal 

to: 

/>.=■ 

•Hr, 

where  /e  - a ~urrent  of  operation  (critical  current)  and 

r - winding  impedance  with  60  ~ *20°C  and  k3  = 0.6. 

Substituting  in  this  equation  for  r its  value  from 
formula  (6-12),  we  obtain  for  the  critical  power  of  relay 
the  following  expression: 

P'-Wtf-CAWl,  (1-1) 

where  AWt  - the  ampere-tarns  of  fanction  (critical 

ampere-turns). 
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Critical  ampere-turns  characterize  by  themselves  the 


quality  of 

the 

construct  ion 

of  magnetic 

relay  circuit. 

a nd 

value  C - 

the 

form  of  the 

section  of 

the  core  and 

the 

size/dimensions  of  coil. 

Table  1-2  gives  corrected  values  cf  ampere-turns  and 
power  of  the  function  of  the  different  types  of  the 
relays,  loaded  by  one  stud  switch.  In  brackets  are  given 
the  values  AWe  and  P0  for  relay  of  the  type  RS52  with  the 
pole  piece.  Furthermore,  in  this  table  are  given  the 
size/dimensions  of  winding  space  and  value  of  guantities  C 
(at  k3  = 0.6). 

The  smallest  power  of  function  has  a relay  of  the 
type  RKN,  for  it  go  the  relay  of  types  RPN,  RKHP  , RES14 
and  RES22 . 


c)  Triggering  time  and  release/tempering. 


The  time  delay  depends  on  section  and  length  of  core. 
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conductivity  of  clearance,  safety  factor  on  ampere-turns  and 
the  safety  factor  according  to  power. 

with  an  increase  in  section  and  lengths  of  core,  other 
conditions  being  equal,  the  time  delay  increases. 


Fig  ur es 

1-28  gives 

the  curves  of  the 

dependenc 

es  of 

tr iy gering 

time  of  the 

dif  ferent 

types  of 

relay  on 

the 

value  of  coefficient  m 

(reserve 

according 

to  power) 

and 

power  input 

with  dual 

reserve  on 

ampere-turns  and 

load 

one  changing  over  (reversing)  contact.  (Relay  of  the  type 
RES9  has  two  stud  switches). 

Dotted  line  designated  the  curves  of  triggering  time  of 
the  breaking  contact. 
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type 

RNU; 

5 - 

type 

RKM-  1 ; 

6 - t 

: ype  RES6;  7 

- t 

yp 

e 

RDCG 

8 - 

type 

RES9; 

9 

- type  RES  1 0 ; 

10  - type  RS-52; 

11 

- 

type 

MKU-48 ; 12 

- 

type  KDR- 

i ; 13 

increased 

mock 

-u 

P 

of 

relay 

of 

the  t y 

pe 

RKN  x 2; 

14  - 

type  TRM; 

15  - 

ty  i 

pe 

BP-7 ; 

16 

- type 

RP 

-4;  17  - 

type 

RES  14  ; 18  - 

typ 

e 

RKMP; 

19  - 

type 

RES8; 

20 

- type 

TKYe52;  21  - type 

TKY 

e2 

i; 

22 

- type  R ES  22;  2 

3 - 

type  R ESI  5- 

Key; 

(1)- 

ms.  ( 

2)  . 

et- 

Page  62. 

For  a comparison  in  Fig-  1-28  are  plotted  tentative 
curves  to  triggering  time  of  the  mock-up  of  relay  with 
circular  core  of  diameter  18/30  mm  (increased  two  times  of 
relay  of  the  type  RKN).  From  figure  it  follows  that  with 


the 

size 

decrease  of  relay  (section  of 

cere) 

triggering 

time 

of 

electromagnetic 

relays  decreases 

* 

With 

m = 5,  time 

delay  of 

types 

RKN, 

RPN,  K DR  1 and 

RKMP 

is 

within  the  limits  from 

16  to 

23  ms 

of,  those  of 

types 

RKM 

-1  and  MKU-48 

from 

10  to 

12  ms. 

types  RHU, 

RS-13 

and 

RS-52  - from 

5.2  to 

6.8  ms 

and 

types  RES6 , 
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RES9  and  RES10  - from  2.4  to  2-8  ms.  With  power  in  1.5 
W triggering  time  of  the  mock-up  cf  relay  (RKN  x 2)  is 


equal  to 

60 

ms. 

relay 

of 

typ 

MKU-48  - 

15 

ms. 

the 

type 

RPN 

10  ms. 

relay 

of 

type 

RKM-1 

- 

and  the 

type 

RES 

10  - 

3 ms 

e KDR-1  - 17  ms,  the  type 

13  ms,  the  type  RKN 
6.5  ms,  type  RES6  - 4.5  ms 
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Fig-  1-29.  Characteristics  of  releasing  tiae  of  vir 


types  of 

relay. 

Sol  id 

1 ines 

with  the 

shorting  o 

winding; 

broken 

with  the 

disconnection 

cf  winding 

type  RPN 

(6o  = 

0.  1 

mu)  ; 2 

- 

type  BKN 

• 

o 

II 

o 

o 

- type 

RS-13  (6 

o = 

0.1  nnn) 

• 

4 - type 

RMU  (6  0 = 

- type 

RKM-1  (6 

o = 

0.1  mm) 

t 

6 - type 

KDR-1  ( 60 

mm)  ; 7 

- type 

KDR  3 

(6o  = 

0. 

06  mm)  ; 8 

type  RE 

ious 

f 

. 1 
nun] 
0) 

S6 
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At  small  power  (to  0.5  W)  triggering  time  of  polar 
relays  is  considerably  shorter  than  triggering  time  of 
electromagnetic  (neutral)  relays. 

Figures  1-29  gives  dependence  curves  cf  the  releasing 
time  of  the  different  types  of  the  normal  and 
deferred-action  (by  means  of  the  shorting  of  their  winding) 
relays.  The  curves  of  the  releasing  time  of  normal  relays 
are  constructed  by  dotted  line.  From  figure  it  follows  that 
with  an  increase  in  the  size/dimensions  cf  relay  (section 
of  core)  the  releasing  time  increases. 

With  load  in  200  g,  the  releasing  time  of  the  mock-up 


of  time- 

lag  relay  (RKN 

x 2)  is  equal  to  9 s,  time-lags 

relay 

of 

type 

KDR-  3 - 

0.6  s,  the  type  RKN  - 0.42  s,  the 

type 

RPN 

- 0. 

16  s and 

type  RKM-1  - 0.046  s. 

d)  Overall  dimensions  and  weight'. 


The  load  of  relay  (number  of  contact  springs)  can 
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change  within  sufficiently  wide  limits;  therefore  for  the 
comparison  between  themselves  of  the  different  types  of 
relay,  it  is  necessary,  besides  overall  overall  dimensions 
and  the  weight  of  these  relays,  to  introduce  the 
appropriate  specific  values:  1)  the  specific  gra vity/weight 
of  relay,  i.e.,  the  weight,  which  is  necessary  to  one  pair 
of  contact  springs,  and  2)  the  specific  overall  size  of 
relay,  i.e.,  the  space,  which  is  necessary  to  one  pair  of 
contact  springs. 

Under  overall  size  it  is  usually  accepted  to  understand 


space 

(in  cm3) 

, occupied 

by  this 

instrument,  but 

t he 

overall 

s izes 

of  relay 

interest  us 

also  from  the 

viewpoint 

of  the 

p lace. 

occupied 

by  them  on 

board  (stand). 

Therefore, 

besides  specific  volume,  it  is  necessary  to  introduce  also 
the  concept  of  the  specific  area,  occupied  by  relay  on 
facade  (width  of  relay,  multiplied  by  its  height/altitude), 
i.e.,  the  sectional  area  of  relay,  which  is  necessary  to 
one  pair  of  contact  springs. 

It  is  necessary  to  note  that  actually  the  area  of 
board,  which  is  necessary  to  one  pair  of  contact  springs, 
is  somewhat  more  the  specific  sectional  area  of  relay, 
since  it  depends  on  the  distance  between  two  adjacent 
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relays  (since  close  to  each  other  cannot  be  assembled 
relay) . This  distance  depends  on  scattering  of  magnetic 
circuit,  construction  of  relay  and  board.  The  value  of  this 

distance  varies  within  limits  from  1 to  5 mm.  For  a 
reduction  in  area  of  the  board,  which  is  necessary  to  one 
pair  of  contact  springs  other  conditions  being  equal  to 

favorably  apply  relay  with  a large  quantity  of  contact 
springs- 

Besides  gross  weight  of  relay,  it  is  very  important  to 
know  separately  the  weight  of  copper  cf  winding  and  steel 

of  magnetic  circuit. 

Table  1-2  gives  total  and  specific  gra vity/weig hts,  and 
also  the  overall  dimensions  of  the  different  types  of 
electromagnetic  relays  (without  jackets).  In  brackets  are 

given  the  corresponding  values  for  these  relay  in  jackets. 

The  smallest  specific  size/dimensions  and  weight  it  has 
relay  of  the  type  RES22,  for  it  they  go  by  the  relay  of 

types  RES  6,  RS-52,  RNU,  RES14  and  RKHE. 


page  64 
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1-24.  Reliability  of  the  operation  of  relay. 


Electromagnetic  relays,  just  as  all  ether  cell/elements 
cf  radio-electronic  equipment,  cannot  ensure  absolute 
(100o/o)the  reliability  of  operation. 

The  fundamental  reasons  for  failure  cf  relay  are:  the 
nonpassage  of  the  current  through  the  locked  contacts  due 

to  filming  or  contamination  of  working  contact  surface, 
welding  (cohesion/coupling)  of  contacts,  change  in  the 

regulating  parameters,  the  breaks  of  winding,  the  breakdowns 

of  insulation  of  winding  to  housing,  the  breakdowns  of  the 

part  of  the  winding  with  the  formation/education  of  closed 

loops,  the  incidence/im pi nge ment  of  filings  or  dust  and  the 
disturbance/breakdown  of  airtightness  (of  sealed  relay). 

The  analysis  of  the  reliability  of  the  operation  of 
relay,  carried  out  by  firms  "Vitro"  and  "Bell",  shows  that 
approximately  15-20o/o  of  damages  of  relay  falls  on  the 

breaks  of  windings  and  about  50o/c  to  the  absence  of 

* 

contact  as  a result  of  the  distur kance/breakdown  of 

k' 

r 

! 


adjustment,  contamination  of  contacts  or  burning  of  contact 
springs  £1-12 ]. 

Electromagnetic  relays  usually  are  related  to  the 
cell/elements  of  radio-electronic  equipment  for  the  increased 
complexity,  since  they  are  the  device,  which  consists  in 
essence  of  three  different  systems:  electromagnetic,  movable 
and  contact.  Each  of  these  three  systems  has  their  special 
laws  of  defectiveness. 

Efficiency  of  movable  system  depenus  cn  external 
mechanical  effects,  while  efficiency  of  contact  system 

depends  complexly  on  its  construction,  the  parameters  of  the 
switched  circuits,  climatic  conditions,  mechanical  effects, 
atmospheric  pressure  and  composition  of  gaseous  medium. 

The  reliability  of  relay  can  oscillate  within  very 
large  limits.  Under  the  reliability  of  relay,  is  understood 

its  ability  smoothly  to  function  (operate)  under  the 
assigned  conditions  during  the  established/installed  period  of 
time.  Is  quantitatively  reliability  rate/estimated  at  the 
probability  of  the  failure-free  operation  or  with  the 
intensity  (danger)  of  failures. 


1 
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Under  the  probability  of  failure-free  operation,  it  is 

! 

accepted  to  understand  the  probability  of  the  absence  of 

any  failures  duriny  the  use  of  relay  under  the  assigned 
cperatiny  conditions  during  the  established/installed  period 

of  time. 

Host  completely  reliability  is  characterized  by  the 
probability  of  failure-free  operation,  but  by  failure  rate  ' 

conveniently  to  use  during  the  calculation  of  the 

reliability  of  the  complex  equipment,  which  consists  of  a 

large  quantity  of  different  cell/eleaents  (if  X = const). 

Page  65. 

By  failure  rate,  is  understood  the  relation  of  a 

quantity  of  cel 1 /elem ents,  which  refused  during  the  period 
of  time  in  question,  tc  the  product  cf  a quantity  of 

instruments,  which  smoothly  worked  at  the  beginning  of  this 

period  of  time,  not  its  duration. 

Figures  1-30  gives  the  typical  curve  of  a change  in 
the  rate  of  failures  of  equipment  and  cell/elements  in 

/ 

tine.  In  initial  operating  cycle  for  tine  from  0 to  tt, 

r 


the  failure  rate  sharply  decreases  because  of  breakdown  of 
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the  cell/elements  of  equipment 

or 

parts  of 

the 

rel ays. 

which  have  different  defects. 

This 

section 

of 

curve  is 

usually  called  period  breakings 

in. 

Dn  the  section  of  curve 

from 

tt  to 

iz  • 

the  failure 

rate  changes  very  barely  and 

virtually  it 

it 

is  possible 

to  consider  constant.  This  section  characterizes  the  normal 
operation  of  equipment  and  cell/elements  (relay). 


The  last/latter  section  of  curve  (is  more  than  t2)  is 
characterized  by  an  increase  in  the  failure  rate  because  of 
the  mechanical,  thermal  and  electrical  wear  of  the 


ce 11/eleme  nts 

of 

equipment 

and  parts 

of  the 

cell/elements. 

This  section 

of 

curve  is 

called  the 

period 

of  ageing. 

The  failure  of  relay  is  considered  the  complete  or 
partial  loss  by  it  of  efficiency,  including  outputs  of  its 
fundamental  parameters  beyond  the  established/installed  limits. 
Failures  can  be  divided  into  complete  and  partial. 

Complete  failure  is  characterized  by  the  total  loss  of 
efficiency  and  usually  it  begins  suddenly  as  a result  of 
an  abrupt  change  in  values  one  or  of  several  fundamental 
parameters  of  cell/element  (relay). 
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To  the  complete  failures  of  relay,  they  are  related: 

a)  the  damage  of  winding  (breaks,  the  short  circuit  of 

the  part  of  the  winding,  by  the  sample/test  of  insulation 
for  housi ng) ; 

b)  the  damage  of  movable  system  (jamming/seizing  or  the 

wedging  of  armature,  a breakdown  in  the  springs  or  pushers 
(backstops) ; 

c)  spontaneous  interruptings  or  closing  of  contacts 
("auto/self-function")  under  the  mechanical  influences; 

d)  the  loss  of  the  commutation  ability 
(nonclosing/shorting  or  noninterrupting)  of  contacts  or  the 
breakdown  of  insulation  of  contacts. 

The  nonclosing/shorting  of  contacts  occurs  as  a result 
cf  the  f ormation/education  of  the  tad ly/pocr ly  conducting 
films  or  coatings,  incidence/impingement  into  the  contact 
points  of  the  extraneous  insulating  particles  or  loss  of 

contact  pressure  due  to  large  erosion  of  contacts  or 


deforest  ion  of  springs. 
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Fig.  1-30.  Bathtub  curve. 

Page  66. 

Noninterrupting  contacts  is  obtained  as  a result  of  the 
random  welding  (cohesion/coupling)  of  contacts,  wedging  of 
the  outgrowths  (needles)  cf  one  contact  in  the  crater 
opposite,  the  formation/education  of  bridge,  which  overlaps 
intercontact  gap,  the  nonextinctions  of  the  arc  between 
contacts  or  the  treakdown  of  the  insulation  between  contact 
springs. 

Partial  failure  in  the  majority  of  cases  is  conditional 
and  is  characterized  by  deterioration  in  the  parameters, 
calling  the  loss  of  the  ability  of  the  execution  of 
functions  only  within  the  assigned  limits.  The  obviousness 


of  failure  in  this  case  depends  on  the  character  of  the 
use  of  relay  in  the  equipment:  under  some  conditions  it  is 
led  to  the  failure  of  equipment,  in  others  - does  not 
cause  even  deterioration  in  its  work. 

To  partial  failures  it  is  related: 

a)  an  increase  in  the  current  (voltage)  of  function 

higher  than  established/installed  notm  or  reduction  in 
current  (voltage)  of  release/tempering  lower  than 
established/installed  norm; 

b)  an  increase  in  the  contact  resistance  higher  than 

assigned  norm; 

c)  a decrease  in  the  insulation  resistance  lower  than 
established/installed  norm; 

d)  output  beyond  the  established/installed  limits  of 
ether  parameters  (for  example  time  characteristics  and  so 
forth),  characteristic  for  this  type  relays. 

Depending  on  the  character  of  the  onset  failures  can 
be  divided  into  three  groups,  which  determine  three  sections 
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cf  the  distribution 


curve  of  failure  rate  in 


time. 


1.  Failures  due  to  manufacturing  defects.  Examples  of 
the  failures  of  this  group  are  failures  due  to  the 
disturbance/breakdown  of  the  poor  quality  solderings  of 
conclusions,  poor  weldings  of  parts  (in  particular  contacts), 
the  weakening  of  threaded  connections,  failures  in  contacts 
tecause  of  low  contact  pressure,  contamination  and  the  poor 
processing  of  the  contact  surface,  etc.  For  a decrease  in 
the  quantity  of  such  failures,  can  be  recommended  the 


introd  ucti 

on 

of  the 

training/ag  ing 

of  all  relays 

under  the 

cr itical 

CO 

nd itions. 

which  lead 

to 

the  identified 

tion  of 

potentiall 

y 

possible 

failures 

the 

"burning-out" 

uf  articles 

with  potential  defects.  The  duration  of  this  training/aging 
is  determined  by  period  breakings  in  and  it  must  compose 
the  s-all  part  of  the  assigned  resource/lifetime  of  relay. 


2.  Failures,  which  appear  as  a resu 


of 

parts  or 

ageing  cf 

materia  Is 

, which 

presence  of 

section  of 

"ageing" 

in  distr 

failure  rate 

in  time. 

To  these 

failures 

for 

example. 

the  failures  of  contacts  du 

the 

f ailu res 

of  winding 

during 

prolonged 

the  ageing  of  insulation,  reduction  in  c 


It 

of  g 

rad 

ua  1 

wear 

give 

ris 

e 

to 

itution 

cur 

ve 

of 

can 

be 

at 

tr  ib 

uted , 

€ to  their  wear, 
heating  because  of 
urrent  of 
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release/tempering  lower  than  assigned  norm,  an  incidence/drop 
in  the  insulation  resistance  or  by  its  sample/test  as  a 
result  of  the  deposit  of  the  products  of 

atomizat ion/pulver izat ion  and  erosion  of  contacts  on  the  base 
of  relay,  etc. 

The  period  of  ageing  must  lie/rest  beyond  the  limits 
of  the  established/installed  service  life  of  this  type 
relay. 

3.  Failures,  which  appear  are  earlier  than  period  of 
ageing  and  appearing  as  a result  of  manifestation  of  effect 
of  different  factors  or  concealed/latent  defects,  which  have 
random  nature. 

Page  67. 

An  example  of  such  failures  it  is  possible  to  consider 
failures  because  of  the  concealed/lat ent  damages  of  the  wire 
of  winding,  the  short  duration  failures  of  contacts  due  to 
the  incidence/impingement  of  dust  or  wear  products  of 
movable  parts,  etc. 

The  failures  of  this  group  give  rise  to  the  presence 
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of  the  section  of  "normal  operation"  the  distribution  curve 
of  failure  rate  in  time. 


Failure  rate  according  to  the  given  determination  can 
te  expressed  by  the  following  formula: 

M»>-S  «-2> 

where  m,  the  nuaber  of  objects  (relay  or  contacts)  , which 
refused  for  tine  A/,;  A/,  - the  duration  of  the  i interval 

cf  observation;  M0  - the  space  of  selection  (number  of 
tested  objects)  and  of  m(t)  - the  nuaber  of  objects,  which 

i 

refused  up  to  the  moment  of  time  tit  moreover  value  m(t)  = ^mj. 

< 

Let  us  rewrite  expression  (1-2)  in  the  fora 
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is  expressed  failure  probability  F(t)  through  the 
probability  of  failure-free  operation  (reliability)  P (t) ; then 


W—TW- 


(1-4.) 


Integrating  this  equation  within  tne  limits  of  preset 
time  t,  we  obtain: 

i 

$ A (/)  rf/  «=  In  P(0)  — In  P (t) 


-fX(0  4« 

P(<)«P(0)e  « 
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In  the  particular  case  when  failure  rate  constant  value 
A = const  and  P ( 0 ) = 1,  the  probability  of 

failure-free  operation  will  be  expressed  by  the  following 


formula: 


P (<)=«-“, 


A/ <0,05,  then  P(t)**i  — K,t. 


From  formula  (1-6)  we  find  for  a failure  rate; 


A,  = — — — — 2,3 


( 

i 


I 
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The  rate  of  failures  of  the  contacts  of  relay  is  more 
convenient  to  express  by  the  number  of  failures  not  per 
’ time  unit,  but  for  one  commutation  (function). 

i 

In  this  case  'with  a constant  value 
the  probability  of  failure-free  operation 
P(JV)  = e~XN  — VV  (l-6a) 

and  rate  of  failures 

Xjv  = -lL5r^  = -2,3?*^,  (1-7.) 

r where  N is  a number  of  commutations  (fu 

The  dependence  between  values  X(t)  and  \(N)  obviously 
it  is  possible  to  express  by  the  formula: 

(1-8) 

where  ^.an  is  the  assigned  nunber  of  connotations  of  relay 
in  equipment  (service  life  of  contacts)  and  t w - the 

operating  tine  of  equipment,  during  which  the  relay  nust 
fulfill  (master)  the  assigned  number  of  connutations . 

If,  for  example,  rate  of  failures  of  contacts  is 

constant  and  equal  to  1 • 10~7  failures  for  1 commutation, 
then  with  service  life,  equal  to  105  commutations,  the 
probability  of  the  failure-free  operation  cf  relay,  according 


cf  failure  rate, 
will  be  equal  to: 


notions)  of  relay. 
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tc  formula  (1-ba),  will  be  equal  to: 

P ^ 1 _ uv  = 1 — 1 • 10-»  • 10»  «=  1 —0.01  - 0,99. 

If  for  relay  is  required  to  guarantee  smaller  service 
life  - only  to  104  commutations,  then  its  reliability  will 
increase  to  P = 0.999. 


The 

se  rvice 
time  of 
formula 


rate  of  failures  of  relay  per  time  unit, 
life  in  time  is  equal  to  1000  h and  for 
relay  must  master  105  mutations,  accordi 

(1-8),  must  be  equal  to 


if  its 
this 
ng  to 


A,  = 1 10^ = 1 ■ 10“‘  failures  on  1 h. 
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The  failure  probability  of  the  relay,  which  has  two 
(or  it  is  more)  contact  groups,  will  be  respectively  more 
than  in  relay  with  one  contact  group,  but  it  is  not 
proportional  to  a quantity  of  groups-  Therefore  for  the 
■ore  precision  determination  of  the  value  of  the  rate  of 
failures  of  the  contacts  of  the  relays,  which  have  a 
different  quantity  of  contact  groups,  it  is  desirable  to 
determine  failure  rate  separately  for  each  type  (certificate) 
cf  relay. 
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If  value  A is  not  constant  and  defect 
then  for  evaluating  the  reliability  of  relay 
the  averaged  failure  rate: 


level  is  small, 
one  should  use 


A,  — 


M, 


and 


M. 

£ Ni 
t-t 


(1-76) 


Upper  boundary  of  the  averaged  rate  cf  failures  (talcing 
into  account  confidence  interval)  can  te  expressed  by 
following  formulas  [1-32]: 


K * = 


~sr. 


and 


TV  ' 


yK 


u. 


(1-9) 


where  7 is  a coefficient  for  the  calculation  of  confidence 

Unit;  he  is  the  coefficient  whose  value  depending  on  the 

taken  confidence  coefficient  a and  the  nuaber  of  failures  Ml 

M. 

is  given  in  Table  1-3;  21  *«-<!  + *.  + .. . + <*+(*•— k)  tw  is  total 

time  of  the  work  of  an  entire  selection  to  the  final 

adjustment  of  preset  time  (operating  time). 

Xn  the  absence  of  failures  (a  * 0)  and  of  the 

confidence  coefficient,  equal  to  e * 0.9,  value  — 2.3. 
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Table  1-3.  Values  of  coefficient  *c 


m Xy 

«.*o 

M* 

0.H 

\ « 

m N. 

«.K 

Mi 

0,M 

0 

2,30 

2,99 

4,61 

n 

16,6 

18,2 

21,5 

1 

3,89 

4,74 

6,65 

12 

17,4 

19,4 

22,8 

2 

5,32 

6,30 

8,40 

13 

18,8 

20,7 

24,2 

3 

6,69 

7,75 

10,1 

14 

19,9 

21,9 

25,5 

4 

7,98 

9,15 

11,6 

15 

21,1 

23,1 

26,8 

5 

9,28 

10,5 

13,1 

16 

22,3 

24,0 

28,1 

6 

10,5 

11,8 

14,6 

17 

23.4 

25,2 

' 29,3 

7 

11,7 

13,2 

16,0 

18 

24,6 

26,4 

30,6 

8 

13,0 

14,4 

17.4 

19 

25,8 

27,6 

31,9 

« 

14,2 

15,7 

183 

20 

26,9 

28,8 

33,1 

10 

15.4 

17,0 

203 
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In  this  case  upper  boundary  of  the  averaged  failure 
rate  will  te  egual  to: 


N ' 


2,3 


( 1 -9a : 

At  one  failure  (n  = 1)  and  a 3 0.9  value  be  = 3,89,  and 

the  averaged  failure  rate  will  te  expressed  by  the 
following  foraula: 


i = 

3,89 

(1-96) 

where  Nt  is 

a 

nunber  of  commutations  of 

the  refused 

contact  and 

the  assigned 

number  of 

commutations  of 

relay. 


due 


The  theoretical  calculation  of  the  reliability  of  relay 
to  complexity  and  diversity  of  the  laws  of  their 


i*- 


I 
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defectiveness  is  very  difficult;  therefore  the  quantitative 
estimate/e valuation  of  the  reliability  of  relay  is  usually 
the  result  of  spot  checks  of  finished  articles  in  the 

varied  conditions  of  their  application/use. 

For  this  purpose  from  a total  quantity  of  presented 
relays  (the  qeneral  population)  it  is  take/selected  certain 
quantity  of  spec imen/sa spies  and  is  carried  out  their 
qualification  test. 

Usua  lly  the  general  population  is  considered  the 
production,  prepared  during  the  period  between  next  tests. 

From  it  after  definite  intervals  of  time  (for  example  in  a 
month  or  the  block)  by  uniform  part y/fcatches  is  accumulated 
the  selection;  in  this  case  must  be  provided  equal 
probability  for  all  relay  hit  this  selection. 

The  minimum  quantity  of  specimen/saraples,  which  it  is 
necessary  to  select  for  tests  (space  of  selection)  it 

depends  on  confidence  coefficient,  the  predicted  lower 
boundary  of  the  reliability  of  relay  and  permissible  number 
of  failures. 


The  space  of  selection  with  confidence  coefficient  0.9 


DOC  = 78012404 


PAGE 


can  be  determined  with  the  aid  of  curves,  given  in  Fig. 
fcy  1-31  £l-33  ].  These  curves  can  be  used  for  the 

solution  of  the  reverse  problem  - determination  of  lower 
boundary  of  the  reliability  of  relay  with  a - 0.9.  The 
space  of  the  selection  of  relay  must  be  not  more  than 
IO0/0  of  the  general  population. 


In  the 
confidence 
determined 
find: 


particular  case 
coefficient  0.9, 
with  the  aid  of 

if  2,3 

"•“Tur- 


in the  atsence  of  failures  and 
space  of  selection  M0  can  be 
the  formula  (1-9a)from  which  we 

(1-10) 


Substituting  in  last/latter  equation  for  X its  value 
from  formula  (1~7a),  we  will  obtain  for  the  value  of  the 
xirimum  space  of  selection,  in  the  case  of  the  absence  of 
failures  with  a 3 Q.9#  the  following  expression. 

AI*=~\£T-  (Ml), 
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With  the  aid  of  this  formula  we  find,  for  example  for 

the  probability  of  failure-free  work  P = 0.9  at  m = 0, 

value  M0  = 21.7  a 22,  and  for  P - 0.99-no  = 230. 


Specimen/sample  tests  of  relay  for  reliability  are 
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carried  out  to  conformity  to  all  point/items  of  technical 
requirements. 

The  conditions,  the  sequence  and  the  duration  of  tests, 
and  also  the  controlled/inspected  and  treasured  parameters  of 
relay  must  correspond  to  the  estatlished/inst ailed  procedure 
of  the  tests  of  relay  for  reliability. 

After  the  measurements  of  the  parameters  under  normal 
conditions,  one  should  conduct  first  testing  under  the 
cyclic  influence  of  the  temperature,  then  at  lowered/reduced 
and  at  elevated  temperatures;  further  is  carried  out  contact 

testing  for  service  life  (under  normal  conditions)  and 
finally  for  the  effect  of  vibration,  cf  uniform 

accelerations,  impacts  and  increased  humidity. 
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Fig.  1-31 . Curved  of  dependences  of  minimum  space  of 
selection  on  lower  confidence  limit  of  probability  of 
failure-free  operation  with  different  number  of  failures  and 
a = 0.9.  Hm  ^ J 

Page  72. 

During  reliability  tests,  each  first  complete  or  partial 
failure  of  any  spec iraen/sample  of  relay  in  this 
conditions/mode  testing  is  record/fixed,  and  the  refused 
specimen/sample  of  relay  is  remove/ta Ken  from  further  tests. 
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Lower  boundary  of  the  probability  of  failure-free 
operation  can  be  determined  with  the  aid  of  curves,  given 

in  Fig.  1-31. 

In  the  particular  case  in  the  absence  of  failures  (m 
= 0)  and  of  confidence  coefficient  0.9,  it  is  possible  to 
use  formula  (1-6a),  substituting  for  \ its  value  from 
formula  (1-9a);  we  obtain  for  lower  boundary  of  the 
probability  of  the  failure-free  operation  cf  relay  the 
following  expression: 

Pu  = e'KN  = e~  (1-1-, 

If,  for  example,  during  the  tests  of  selection  into  22 
specimen/samples  of  relay  (M0  = 22)  will  not  be  obtained 
not  one  failure,  then  lower  boundary  cf  the  reliability  of 

relay  will  be  egual  to: 

pu  = «-•.*•»  = 0,90. 

For  obtaining  the  note  accurate  results  (decrease  in 
the  width  of  confidence  interval)  in  the  case  of  the 

absence  of  failures  when  conducting  of  the  complete  cycle 
of  all  tests  these  tests  can  be  repeated  which  is 
equivalent  to  the  duplication  of  the  space  of  selection,  if 

does  not  begin  the  period  cf  ageing. 


in  this  case 
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For  example,  if  after  the  repeated  tests  of  22 


specimen/samples 

of 

relay  will  be  reveal/detected 

one 

failure,  then 

lo  wer 

boundary 

of  the  reliability 

of  relay 

with  m = 1, 

a - 

0.9  and 

2m0  = 4 4 will  be. 

according  to 

the  curves  of 

Fig. 

1-31,  it 

is  equal  tc  0.911 

(instead  of 

0.90  with  m = 

0 

and  M 0 = 

22)  . 

If  during 

the 

repeated 

tests  this  same  of 

sel ection 

(22  specimen/samples)  will  be 

reveal/detected  two 

or  more 

failures,  then 

obviously  occurs  the  period  of  ageing,  and 

repeated  tests 

are 

not  considered,  but  the  calculation  of 

lower  boundary 

of 

r el iability 

is  conducted,  as 

noted  above. 

for  a single 

selection  with 

zero  failures  (i.e. 

in  this 

case  value  Pm 

will 

be  equal 

to  0.90). 

According 

to  the  stati 

stical  data 

of  the  number  of 

Auer ican 

firms 

11-28,  1 

-34,  1-35], 

the  rate  of 

f ai lures 

of  relay 

in 

radio-electronic  equipment 

oscii  lates 

approximate! y 

within  limits 

from  1 • 

10*8  to  1 • 

10-* 

fa ilures 

for 

1 commutation 

or  from  1 

• 10“*  to  1 

• 10“’ 

failures 

on  1 

h of  work. 

which  ccrr 

esponds  to  the 

le  vel 

of  reliability 

from  0.999 

to  0.99  in 

the  service 

life  of 

DOC 


78012404 


PAGE  J&f  I ffO 


10s  commutations  for  1000  h of  work..  For  a miniature 


airtight 

relay  with  two 

stud  switches  of  the  type  F (space 

4.5 

cm  3 

and  weight  15 

9) 

with  the  nominal 

load  of 

contacts 

(2a-28c)  and  under 

normal  conditions 

of  operation 

firm 

”Ts. 

P.  Kler  and 

Ko  " 

gives  the  rate 

of  failures  of 

contacts 

0. 084o/o  with 

the 

service  life  of 

10*  commutations 

(X  = 8.4  • 1 0—  8 failures  for  1 commutation)  or  reliability 

0.999  with  confidence  coefficient  0.9  and  the  service  life 
of  10*  commutations. 

Page  73. 

With  ambient  temperature  *125°C  and  the  same  load,  the 

failure  rate  increases  to  0.  834o/o  (X  = 0.  834  • 1 0“6 

failures  by  1 commutation)  and  the  reliability  of  the 

contacts  of  relay  of  the  type  F decreases  to  0.992  with 

104  commutations  or  to  0.92  with  10s  commutations. 


Firm  indicates  that  during  tests  according  to  the  check 
program  of  quality  of  235  tested  specimen/samples  of  relay 
of  the  type  f at  temperature  minus  65°C  it  refused  two 
relays,  but  during  vibration  tests  at  the  frequency  of  more 
than  1000  Hz  and  upon  accelerations  more  than  15  g refused 
six  relay  £l-36]. 
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Consequently,  lower  boundary  of  the 
failure-free  operation  of  firm  "Ts.  P. 
the  extreme  values  of  operating  conditio 
-65°C  and  with  vibrations  with  frequency 
acceleration  20  g) , according  to  the  cu 
does  not  exceed  0.945  with  a = 0.9  (w 
account  of  the  failures  of  contacts) . 


probability  of 


Kler  an 

d 

of 

Ko 

« 

ns  (to 

t 

emperat 

ure 

2000 

Hz 

d 

ur  in 

g 

rves  of 

Fig 

. 1 

-31 

it  hout 

ta 

kin 

g i 

nto 

The  reliability  of  the  operation  of  equipment  or 
instrument  as  a whole  depends  on  the  reliability  of  the 
operation  of  its  cell/elements  and  connection  of  these 
cell/eleme  nts. 


By  series  connection  of  cell/elements  it  is  accepted  to 
call  such,  with  which  failure  at  least  of  one  cell/element 
are  led  to  the  failure  of  an  entire  system. 


Parallel  conn 
connection  during 
occurs  only  with 


ection  of  cell/elements  is  called 
which  the  failure  of  an  entire 
the  failure  of  all  cell/elements. 


such 
s ystem 


The  composite 


joint  of  cell/elements 


is  called 


such 


* 

> 


r 

" DOC  = 780  12404 

connection  during  which  occur  the  consecutive  and  parallel 
connections  of  cell/elements. 

The  general  reliability  of  equipment  (system),  consisting 
of  m of  the  series-connected  cell/elements,  which  have 
respectively  reliability  - Plt  Pt,  P„  ....  Pm,  will  be  equal 

to : 

P = P1PtPt..Pm.  (1-13) 

If  the  reliability  of  all  cell/elements  is  identical 

and  equal  to  Pt,  then  is  the  general  reliability  of  the 
system 

P = P?.  (1-14) 

The  probability  of  the  failure-free  operation  of 
equipment  (unit),  that  provides  20  cell/elements  with 
identical  reliability  Pi  = 0,99  each,  will  be  equal  to: 

P = 0,99*°  = 0,81. 

The  reliability  of  the  operation  of  two  in  parallel 
connected  cell/elements  with  reliability  PA  and  PB,  which 
fulfill  one  and  the  same  function,  will  comprise: 
Pab=1-(1—PaH1-/>b)-  (1-15) 

Page  74, 
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The  general  reliability  of  the  operation  of  system  from 
m of  the  in  parallel  connected  cell/elements  with  identical 
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reliability  PA,  is  equal  to: 

p~i-a-pAr.  (M6) 

The  probability  of  the  failure-free  operation  of  system 
of  two  in  parallel  connected  cell/elements  with  identical 
reliability  PA  = o,9  will  be  equal  to: 

P = 1 — (1  — 0,9)*  = 0,99. 

Therefore  for  an  increase  in  the  reliability  of  the 

operation  of  equipment,  usually  is  applied  the  redundancy 
(redundancy)  of  separate  cell/elements  in  circuit 
(piece-by- piece  redundancy)  or  entire  unit  with  cell/ele aents 
as  a whole  (com mon/gener al/total  redundancy). 

With  piece-by-piece  redundancy  the  reliability  is  always 
higher  than  with  common/gener al/tot al  redundancy. 
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Chapter  Two 


EECHANICAL  CHARACTERISTICS  OF  RELAYS. 


2.1.  General  information. 


The  load 
springs  which 
are  broken  or 
circuits. 


of  relay  consists 
during  the  function 
are  changed  over. 


in  essence 
cf  relay 
forming  the 


of  the  con 
are  c 1 o se  d , 
necessary 


tact 

they 


A quantity  of  contact  springs  on 
between  very  wide  limits  (from  2 to 


relay  can  change 
18  and  more  springs) . 


The  value  of  the  mechanical 
by  the  armature  of  relay  during 
remain  constant,  it  changes  over 
the  dependence  of  the  mechanical 
the  armature  of  relay  during  its 


effort/f crces,  encountered 
its  motion,  does  not 
wide  limits.  The  curve  of 
effort/forces,  overcome  by 
displacement/movement,  on 
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the  course  of  armature  Fu  = f(&)  is  called  the  mechanical 
characteristic  of  relay. 


As  illustration  Fig.  2-1  gives  the  mechanical 
characteristic  of  relay  of  type  100,  loaded  by  one  contact 
group  for  closing/shorting  £l-14],  Along  the  axis  of 

ordinates,  is  deposit/postponed  the  load  in  grams,  overcome 
ty  armature  during  its  displacement/movement,  while  along  the 
axis  of  abscissas  - clearance  in  millimeters. 


Cut  Oa,  on 
clearance.  Of, 
loosening,  and  a 


the 

axis  of 

absciss 

as 

is  the  value  of 

the 

height/al 

t itude 

of 

the  plug  of 

fi  - 

the  val 

ue  of 

the 

course  of  armature. 

Fig.  2-1.  Mechanical  characteristic  of  relay  of  type  100, 
loaded  by  contact  group  Mo  1. 

cr  ’ 9sJ 

Page  76. 

Section  ata  of  mechanical  characteristics  is  a value  of 
the  effort/force  (measured  on  the  dr i ving/moving  plug) , which 
must  be  applied  to  the  armature  of  relay  in  order  to 

overcome  initial  tension  of  the  return  spring  of  armature. 

This  effort/force,  measured  at  armature,  it  is  usually 
called  the  "pressure  of  armature".  The  characteristic  of  the 

spring  of  armature  is  broken  line  atag. 

Normally  between  the  bridge  and  the  driving/moving  plug 
of  group  is  a small  distance,  called  the  "freewheeling 
escapement"  of  armature;  therefore  the  armature  of  relay  of 
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the  resistor/resistance  only  of  one  return  spring,  which  is 


reflected 

on 

the 

mechanical  characteristic 

of 

straight  line 

ab.  Cut 

a i b i 

to 

value  of  which 

in  this 

case  is  moved  the 

armature 

of 

relay 

, determines  by 

itself 

t he 

freewheeling 

escapement  of  armature. 

During  further  armature  travel  it  presses  on  the 
driving/moving  plug  of  group  and  remove/takes  the  lower 
spring  of  this  group  from  backstop.  Section  be  of 
mechanical  characteristic  reflects  by  itself  the  process  of 
relieving  the  lower  spring  from  backstop.  Cut  c,b,  is  the 
value  of  armature  travel  during  removal/taking  of  this 
spring  from  backstop.  Then  lower  spring  is  bent  to  the 
contact  of  its  contacts  with  the  contacts  of  upper  spring. 
The  corresponding  section  of  characteristic  is  direct/straight 
line  cd. 

Section  de  reflects  the  process  of  relieving  the  upper 
spring  from  backstop  with  the  aid  of  the  contacts  of  lower 
spring  and  finally  the  straight  line  ef  reflects  the 
combined  curvature  (follow  of  relay  springs)  of  both  springs 
to  the  end/lead  of  the  course  of  armature.  The  follow  of 
relay  springs  of  springs  has  very  large  value,  since  it 
provides  obtaining  the  assigned  pressure  in  contact.  To 


I 
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avoid  a considerable  decrease  in  the  contact  pressure  at 
the  wear  of  contacts  and  the  displacement  ("drift")  of 
upper  spring  (as  a result  of  the  deformation  of  the 
separators  of  contact  group  in  the  course  of  time)  the 
value  of  the  follow  cf  relay  springs  of  springs  must  be 
sufficiently  greater  (not  less  than  0.2-0. 3 mm).  Cut  blf1 
represents  the  value  of  the  working  stroke  of  the  armature 
cf  relay. 

Thus,  the  mechanical  characteristic  of  relay  is  the 
broken  line,  which  consists  of  a series  cf  the  straight 
portions,  which  characterize  the  sefarate  cell/elements  of 
the  work  of  springs. 


For 

obtaining  mechanical 

character ist ics 

of 

the 

contact 

group  No 

1,  shown  by  dotted 

line  in  Fig. 

2-1, 

it 

is 

necessary 

from  the  mechanical 

characteristic 

of 

rela 

y to 

deduct  characteristic  curve  of 

return  spring 

and 

to 

tr  ansf er 

the  origin  of  coordinates  into  point  ft. 


2-2.  calculation  of  the  sagging/deflection  of  flat/plane 
contact  springs. 
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For  the  calculation  of  the  cell/elements  of  Mechanical 
characteristics,  we  will  use  the  theory  of  the  bending  of 
the  elastic  beam,  cantilevered  and  the  loaded  of  end/lead 
concentrated  force  F (Fig.  2-2).  This  method  can  be  used 
for  calculation,  since  the  sagging/deflect icn  .of  contact 
springs  in  comparison  with  their  length  is  small  and  does 
not  exceed  the  limits  of  elastic  deformations. 


Page  77.  i 

Springs  with  large  radius  of  curvature  can  be  designed 
as  direct/straight  springs. 

Amount  of  deflection  of  beam  in  any  section  a,  which 
is  located  between  point  B of  the  application  of  force  F 

and  the  place  of  seal  0,  is  equal  to: 

Ft* 

V = 6E7&1-x'>-  (2**) 

where  X - length  of  beaa« 

x - a distance  of  section  m frcm  bearing  edge, 

y 


E - modulus  of  elasticity  of  material  and 

p 
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J - the  second  moment  of  area  of  beam  relative  to  2 

axis. 


At  the  point  of  application  of  force  amount  of 


deflection  is  equal  to: 

FP 

V = lEJ  = cF' 

(2-2) 

where  c - flexibility  of 

spring,  c = 

13/3EJ. 

Is  expressed  distance 

x through  X 

; then  x = 

k£,  where 

k is  the  coefficient  whose 

value  is 

equal  to  the 

distance 

ratio  x to  the  length  of 

an  e n t i re 

spring. 

Let  us  substitute  into 

expression 

(2-1)  instead 

o.f  x 

its  value 

k)-cF  **<32~*) 

• (2-1*) 

If  the  load  of  cantilever  beaa  is  applied  not  at 

end/lead,  but  in  point  K,  which  is  located  at  a distance  lk 


from 

bearing 

edge  (Fig. 

2-3) , then 

the  free 

end/lead 

of 

beam 

KB  to 

the  right  of 

point 

of 

appl icat ion 

not  of 

load 

and 

is  not 

deformed  (it 

remains 

the 

straight 

line)  . 

The  complete  sagging/deflection  of  beam  in  point  m. 
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which  is  located  to  the  right  of  the 
of  force  is  equal  to: 


where  /*<*. 


(2-3) 


point  of  application 


Fig. 

2-2. 

Load 

is 

concentrated  of  end/lead  of  spring. 

Fig. 

2-3. 

Load 

is 

applied  at  a distance  i.  fro*  bearing 

edge 

of 

spring. 

1 

i 


( 
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If  we  designate  relation 


and 


lifter  substituting  into  equation 

value,  we  will  obtain: 

v=-mW.-i)=ckF**f±, 


where 


li,  by 
(2-3)  vaesto 

(2-3a) 


then 
x its 


Cv  = 


3 EJ- 


In  the  complex  cases  it  is  possible  to  find  spring 
sags  as  sum  of  the  displaceraent/movements,  caused  by 
separate  forces,  using  the  superposition  principle  of  forces. 


Contact  group  consists  of  several  springs,  which  undergo 
of  the  process  of  the  work  of  relay  sagging/deflections  of 
the  specific  sequence;  therefore  let  us  divide  the  work  of 
the  group  into  separate  cell/elements,  which  correspond  to 
the  simplest  operations  above  springs,  and  let  us  examine 
these  cell/elements  separately  from  each  other- 
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a)  spring  sag,  loaded  by  one  force. 


The 

construction 

of  the  contact  groups 

of 

relay  is 

usually 

assigned;  the 

refore  the 

distance  of 

the 

points  of 

application  of  force 

from  the 

bearing  edge. 

and 

also  all 

points  whose  displacement/movement  us  can  interest,  to  us 
is  known. 

A guantity  of  operating  points  of  the  contact  groups 
cf  relay  is  usually  equal  to  three  or  four:  A,  C,  D or 
A,  B C and  D (Fig.  2-4). 

For  the  facilitation  of  the  calculation  of  contact 
groups,  let  us  compose  system  of  equations,  which  mutually 
connect  the  amounts  of  the  applied  forces  and  the 
corresponding  to  them  sagging/deflections  of  the  operating 
points  of  springs. 

Let  us  designate  forces,  applied  at  points  A,  B,  C 
respectively  by  F„Fb,Fc  and  F„, 


it 


and  D, 


but  the 


I 
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sagging/deflections  in  of  these  points,  caused  by  the  forced, 
applied  at  point  A,  respectively  y«<«>’  J/6<«r>  Veto).  and  yd(a). 

The  sagging/deflections  at  the  same  points,  caused  by 
the  force  Fb , applied  at  point  B of  spring,  let  us 
designate  by  l/a(b)<  Vb<b)'  Ve(b)  and  Vdlbv 

Thus,  in  our  designations  the  first  letter  from  below 
(index)  indicates  the  point  of  the  spring  for  which  is 
determined  the  sagging/deflection,  and  the  second  letter, 
which  stands  in  brackets,  indicates  the  point  at  which  is 
applied  the  force,  which  caused  this  sagging/deflection.  The 
distances  of  points  A,  B,  c and  D from  the  bearing  edge 
of  spring  (seal)  let  us  designate  by  K , lc  and  l a.y 


r 
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Pig-  2-4.  outline  of  contact  group  No  of  11  relays  of 
type  100. 


Page  79. 

The  displace ment/movement  of  contact  A of  the  spring, 

depicted  in  Fig.  2-5,  caused  by  action  of  force 

applied  at  point  A,  it  is  possible  tc  determine,  using 

formula  (2-2): 

F /* 

P«(«)  = ~zej  ~ e ••  (2-4) 

The  displace sent/ aove sent  this  saae  of  contact  under  the 

effect  of  force  Fc,  of  the  applied  tc  the  dri  ving/noving 
plug  spring  (at  point  C)  , let  us  conpute  with  the  aid  of 
formula  (2-  3)  : 


P«(e>"  l')’ 


(2-5) 
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Let  us  designate  relation  lc  to  j by  kc;  then  lc  — M«- 

After  substituting  into  formula  , (2-5)  instead  of  its 

value  from  last/latter  expression,  we  will  obtain: 


F JFl* 

V«(e>  “ M«)  = 

= (2-5.) 


c = c k*  6 ~ *C 

cm  — c**c  2 — 

where  c.  - the  flexibility  of  an  entire  spring  and 

the  flexibility  of  spring  at  point  A,  in  reference 
to  the  force,  applied  at  point  C (the  "mutual" 
flexibility).  The  flexibility  of  section  of  spring  with 
length  K is  respectively  egual  tc: 

i; 

c'  = H}D  = l&7=>4ca- 

Having  substituted  in  equation  (2-5a)  instead  of  ea 

its  value  fro*  last/latter  expression,  we  will  obtain: 


V.(e)  - if  F# i-yi  - y , ^ = F^m, 


(2-5  A) 


where 


In  a similar  manner  ve  find  expression  for  displacing 


the  driving/moving  plug  of 

spring  under 

the 

force 

applied  to  the 

contact: 

u)Kere 

P«<«)  “ • P. 

(Wo) 

P.  - V. 


i 
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2-5.  Displacement/moveaent  of  contact  spring  under 
action  of  applied  forces. 


Page  80. 

The  flexibility  of  the  sections  cf  springs  by  length  K 
and  ld  is  equal  to: 


r - A- -Ur-  r - -Ur- 

c*>  ~ 3 EJ  ~ Cd  ~ 3EJ  ~ 

r — C kl  i~kb  — c 3~*6 
cmb  ~ c«"*  2^  ~ ' cb  2kb 


and 


The  displaceseot/aovenent  of  contact  A under  the  effect 
of  force  Ft,  obviously,  will  be  equal  to: 

*•(*)  " ~SEJ  ~li)  *“  ^.*5  ~1T^  “ *4  “ F*m4-  (2-6) 

The  displacenent/aovenent  of  contact  E,  caused  by  the 
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action  of  force  applied  at  point  A of  spring,  let  us 

determine  with  the  aid  of  formula  (2— 1a)i 

Vb(»)  “ * F»cmb-  l2'7) 

In  a similar  manner  we  find  expression  for  the 


sagging/deflections  of  points 

B, 

C and  D 

of  spring  under 

the  effect  of  forces  F»  Ft 

and 

*'■ 

V*<6 

- 

(2-8) 

(2-0) 

Ve(e)  “ Fe^e  ~ ^A^ci 

(2-10) 

Vd(«)  *=  = Faemd> 

(2-H) 

(2-12) 

- • 

(2-18) 

rWi-V<-WJ.  • 

1 

(*-M) 

For  relay  of  the  type 

RKH, 

the  backstop  is 

arrange/located  to  the  right 

of 

point  C, 

since  in 

this  case 

*«•>  *«)  - (2-15) 

These  equations  give  the  dependence  between  the  applied 
forces  and  the  corresponding  to  then  displacement/no venents 
of  the  contact  springs,  loaded  one  layer  and  not  having 
supplenent ar y support. 
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b)  removal/taking  spring  from  backstop- 


For  obtaining  the  specific  pressure  in  contact,  and 
also  for  a decrease  in  the  bouncing  of  contacts  during 
interrupting,  the  spring  of  the  contact  groups  of  relay 
they  are  usually  regulated  in  such  a way  that  in  calm 
position  they  press  to  stop  D with  the  specific  force 

In  this  case  for  the  calculation  of  the  springs  of 
contact  groups,  it  is  necessary  to  use  the  method  of  the 
calculation  of  the  beam,  cantilevered  and  having  inner 
tearing  D to  which  this  beam  presses  with  force  £r 

External  force  at  point  D is  not  applied,  the  pressure 
of  spring  on  backstop  is  reached  because  of  the  preliminary 
deformation  of  this  spring  during  the  adjustment  of  relay. 
Spring  at  calm  state  lie/rests  horizontally  and  presses  to 
backstop  D;  if  we  remove  ' backstop,  then  because  of 
preliminary  deformation  this  spring  will  cave  in  will  down 
and  occupy  the  position,  shown  by  dotted  line  in  Fig-  2-6. 
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If  we  apply  at  point  C some  force  F <■  (directed 

upward) , then  at  certain  value  of  this  force  of  pressure 
of  spring  on  oackstop  D will  be  counterbalanced,  and  with 
a further  increase  in  the  force  Ft  spring  will  be  removed 

from  backstop. 

Let  us  determine  the  amount  of  the  force  which  must 
be  applied  to  point  C in  order  to  remove/take  springs  from 
backstop. 


The  pressure  of  spring  on  backstop  is  usually  unknown, 
and  in  instructions  for  the  adjustment  of  relay  under  words 


"pressure  on 

backstop"  is 

implied  force. 

which 

must 

be 

applied  in 

the  center  of 

contact  (point 

A or 

B)  in 

order 

to  remove /take  this  spring 

from  backstop. 

i.e. , 

instead  of 

the  force 

f't  is  assigned 

the  corresponding  to 

it 

force  F\ 

(or  Fk). 

Let  us 

prel iminarily 

find  the  pressure  of 

spring  on 

backstop  Ft 

as  function 

of  the  assigned 

force 

r. 

(or  FJ. 

For  the  solution  of  this  problem,  we  will  use  method 
[Rayleigh,  proposed  for  the  solution  of  statically 
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indeterminate  beams;  we  obtain: 


Knowing 

value 

it 

is 

possi  tie. 

using  nethod 

mentioned  above,  to 

find 

the 

force  ^e. 

which  must  be 

applied  at 

point  c 

(to 

bush) 

in  order 

tc  remove/take 

spring  from  the  backstop: 

(2*17> 

Solving  together  equations  (2-16)  and  (2-17),  we  find: 

'--'•-j (2-«) 


I 
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Fig.  2-6.  Displacement/movement  of  contact  spring  during 
removal  of  backstop. 

Page  82. 


If  ld>le  (relay  of  the  type  RK H)  , then 


f F r -F 

ki(z-kd) 

(2-19) 

el~  d^(3*d-ic)  a 

For 

short  springs  the 

"pressure 

on  backstop"  is 

assigned 

at 

point  B;  therefore  in  a 

similar  manner  it  is 

possible 

to 

write  expression 

for  the 

true  pressure  of 

spring  on  backstop  Fd: 


F — F — k* 

= -Bo- 

(2-20) 

Thus, 

using  equations  (2-17), 

(2-18) 

and 

(2-19)  it  is 

possible. 

knowing  the  "pressure  of 

spring 

on 

backstop",  to 

determine 

the  amount  of  the  force 

F" 

which 

must  be 

applied  to  the  driving/moving  plug  of  group  (at  point  C)in 
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order  to  remove/take  spring  from  backstop  D. 

The  torque/momen t of  removal/taking  spring  from  backstop 
is  characterized  by  the  absence  of  its  movement  at  point 
C;  therefore,  if  springs  were  characterized  by  very  high 
rigidity,  then  the  torque/moment  of  remov a 1/taking  this 
spring  from  backstop  would  be  characterized  by  the  absence 
of  the  displacement  not  only  of  point  D but  also  all 

remaining  points  of  spring. 

However,  virtually  we  deal  with  elastic  springs,  and 
therefore  during  removal/taking  from  backstop  will  be 
motionless  only  point  D of  spring,  the  remaining  points, 
which  lie  on  section  DA,  will  be  moved  under  the  action 
of  the  applied  (counterbalancing)  force  Ft.  The  value  of 

bending  Vc  to  which  is  displaced  point  C during 

removal/taking  of  spring  from  backstop  D by  the  force  Fc, 
applied  at  point  C,  it  is  equal  to: 

'•  i 

Vci  ” [*  — jr  (3*.  — **)*]  « 

- - j£-(3 kt - *<)»].  (2-21) 


If  l4>l„  then 

- 


*.(*>  “ F<&.  [t  “ ^ ]•  (2-22) 
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The  displacements  of  points  A and  B under  the  action 
of  forces  F «>  F t and  Ft  during  removal/taking  of  spring 

froa  backstop  by  forces  F*  and  F*'  correspondingly,  are 
equal  to: 

V.r  - V.,*>  - F'CtK  —%r  (3 ke  - kt)  (3  - *„)];  (2-23) 

Vox  = Vu(ai)  - f.e.fl  - -j*(37**)*]  = J.C.  (1  - (2-24) 

= VbM)  = ^C01{  [l  — A.  (3fc„  — /ed)*j;  (2-25)  . 

Vox  - 9««t  = — 5^  (3*6  — *,)  (3*,  - *,)] . (2-26) 

Page  83. 


ld>le,  then 


v.»  y.(ed,  ^*4 — — — J;  (2-27) 

Vm  - VH«>  = -M  j ^ 

Osing  the  given  equations,  it  is  possible  to  determine 
the  values  of  forces  and  sagginq/def lections  at  the  fixed 
Foints  of  spring  during  removal/ta king  of  the  latter  from 
backstop. 


% 


c)  fiiemova  1/taking 
the  aid  of  lover 


f rom 


the 


backstop  of  upper  spring 


vith  * 


spring. 


4 
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During  removal/taking  from  the  support  of  upper  contact 
spring  with  the  aid  of  lower  (movable)  spring  (Fig.  2-7) 
the  sagging/deflections  of  both  springs  at  point  A, 
obviously,  will  be  egual;  in  this  case 

Vm(e)  + Va(o)  = Vatad) 


feh  / qt  tv  VS  _ 

6 EJ\  “ ~ 3£77  ~ 

whence  the  aeount  of  the  force  Fc,  which  must  be  applied 
at  point  C of  lower  spring  for  reeoval/taking  with  its  aid 
froe  the  backstop  of  upper  spring,  it  will  be  equal  to: 


where 


_ P "i  , 2F„ 


(2-29) 


(2-30) 


In  these  foraulas 


i»  . /• 

c**aS7T  *•*  " 37,  - 

where  jt  and  J*  - respectively  the  eoeents  of  the  inertia 
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cf  lower  (movable)  and  upper  (motionless)  springs.  (for 

relays  of  the  types  RPN  and  RKN  J,  = j2). 

Displacement  of  point  C of  lower  spring,  during 
re moval/ta king  with  its  aid  of  upper  spring  from  backstop, 

is  equal  to: 

Vet  = Vc(ca)  = l/e(e)  + Ve(.)  = feeM [l  — (3  — Ac)*] . (2-31 ) 

The  displacement  of  point  A during  removal/taking  from 
the  backstop  of  upper  spring  with  the  aid  of  lower  spring 

will  be  equal  to: 

*"  = V «<«•'  = »•(«)  - ».(.!  = (l  - 1)  ^ 

~i)-  (2-32) 
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Fig.  2-7.  Reraoval/taking  upper  contact  spring  from  backstop. 


Page  84. 


(ji)  the  combined  sagging/deflection  cf  both  springs. 


For  providing 
necessary  that  in 
backstop  and  the 
less  than  0.05  mm 
the  limits  from  0.05 


the  assigned  pressure 
running  crder  of  the 
upper  spring  of  group 
. (Value  of  this  gap 
to  0. 3 mm)  . 


in  contact,  it  is 
relay  among  the 
wculd  be  gap  not 
usually  is  within 


For 
point  C 


obtaining  the  gap  at  point  D,  it  is  necessary  at 
of  lower  spring  tc  apply  supplementary  force  Fet. 


With 


the  combined  sagging/deflection  cf  both  springs. 
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their  displacemen t at  point  A,  obviously,  will  be  equal: 


u = u _ 'c‘l  . . . 

»«(a)  Vo(co)  “■  3EJt~ 


fJl 

a a 


3 £/,' 


Key:  ( 1)  . or. 


Hence  the  amount  of  supplementary  force  ^ at  point 
C will  be  equal  to: 


F*  ~ F'  (*  + £)  = F> 


(2-33; 


where  Fa  - amount  of  supplementary  force  in  the  contact 

cf  relay  at  the  combined  sagging/deflection  of  both  springs. 


The  supplementary  displacement  of  point  C with  the 
combined  sagging/deflection  of  both  springs  will  be  equal 
to: 

Vet  “ Ve(ca)  “ Ve<e)  “I"  Ve(«)  = 

e*  *' 

2-34) 


■ *** i [ • - y-yn  - ^ ^ <*- 


Air-gaps  clearance  between  the  upper  spring  and  the 


contact 

of 

average  at  point 

E,  and 

also 

between  the  upper 

spring 

an  d 

the  backstop  at 

point  D, 

with 

the  combined 

sagging/deflection  of  upper  and  lower  springs,  will  be 
respectively  equal  to: 


DOC 


78012405 


PAGE  /tftf 


E)  removal/taking  upper  or  average  spring  from  contact. 

In  contact  groups  for  interrupting  and  switching  in  the 
calm  position  of  relay,  one  of  the  springs  rests  on 
underlying  contact,  creating  a pressure  in  the  contact  of 
rest  (Fig.  2-8). 


!l 


I 

‘ J 

( 


I 


DOC  = 78012405 


PAGE 


During  removal/taking  of  movable  (upper  or  average) 
spring  from  "motionless"  contact,  the  sagging/deflections  of 
both  springs  at  poirt  A,  obviously,  will  be  equal:  in  this 
case 

Vm(e)  Vatai  Ua[*di 


cr 


where  J, 
cf  upper 


and  j2  - respectively  the  moments  of  the  inertia 
(movable)  and  lower  ("  motionless")  spring. 


This 

equation 

completely  coincides 

with 

analogous 

equation 

for  the 

case  of  removal  cf 

upper 

spring  with 

backstop; 

therefore 

for  the  calculation 

of 

cell/elenent 

"removal/taking  of 

spring  from  contact" 

it 

is  possible  to 

u*«  equations  (2-29),  (2-31)  <Xod  (2-32): 

F«  “ F«  " STf-i')  A>  *«4  - Ve.  = ~ & (3  - *«)*] 

and 


Ha-Ha 


(*  - t)  • t1  ~ i)  ■ • 
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If  the  underlying  contact  is  motionless,  then  A = 1. 


-p)  jjemova  1/tak  ing  from  the  contact  of  upper  spring  with  the 
aid  of  the  third  (lcwer)  spring. 

In  contact  groups  for  transient  switching  (with 
make-before- break  contact)  (Fig.  2-4)  upper  spring  is 
remove/taken  from  the  contact  of  average  with  the  aid  of 
the  third  (lower)  spring. 

During  removal/taking  of  upper  spring  from  the  contact 
of  average,  the  sagging/deflections  of  both  these  springs  at 
Foint  B,  obviously,  will  be  equal  to: 

v»<«)  + v»<*)  “ r»<M) 

or 

(3*. - '*)- 117;  - ®£[l  - % (3/» - /<)»], 

where  J,  is  the  sosent  of  the  inertia  of  aovable  (upper 

and  lover)  springs;  Jt  is  the  aowent  of  the  inertia  of 

"notienleas"  (niddle)  spring. 
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2-8.  Removal/taking  upper  spring  from  contact. 


Page  86. 


We  hence  find  the  value  of  pressure  in  contact  A 
during  renoval/ta king  of  upper  spring  from  contact  8: 

'-"'•I 


emb 


(2-39) 


where 


(2-iO; 


The  sagging/deflection  cf  upper  spring  at  point  A 
during  its  reeoval/takUg  fro«  contact  B will  be  equal 

R«(«)  + *■  y.jrt* 

or 


*«•  - r.«rt)  * r.c . fi  _ hR -V. j 

= F c ( 1 — 

\ 

(241) 

Since  removal/taking  upper 

spring 

from 

average  is 
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conducted  with  the  aid  of  lower  (the  third)  spring,  the 
sagging/deflections  of  upper  and  lower  springs  at  point  A 
will  be  equal;  consequently, 

Va(ttb)  ~ Va(a)  "I”  Va(b) 


or 


FJi 


WaB  J- 


We  hence  find  expression  for  the  force 
applied  to  lower  spring  at  point  c in 
upper  spring  from  contact  with  the  aid 
spring; 


Fe,  which  must  be 
order  to  remove/take 
of  the  lower 


(2-42) 

Substituting  for  Fu  its  value  fron  equation 

find: 


9 


we 


(2-43) 


The  displacement  of  point  C during  removal/taking  of 
upper  spring  from  contact  B with  the  aid  of  lower  spring 

will  be  equal  to: 


Vt»  ” f«<M)  *“  ¥,(,)  + 


These 


values  of 


equations  sake  it  possible  to  calculate  the 

effort /forces  and  the  corresponding  to  then 
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displacements  of  springs  in  the  process 
of  effort/forces  from  the  driving/moving 
contacts  of  group. 


of  the  transmission 
plug  to  the 


Fage  87. 


With  the  aid  of  these  equations,  using  the  method  of 
adding  the  action  of  forces,  it  is  possible  to  calculate 


the  extents 

of 

f orces 

and  movement 

of 

springs. 

which 

characterize 

t he 

various 

stages  of 

the 

work  of 

con  tact 

group.  After 

depositing 

these  values 

consecutively 

on  a 

graph,  we  obtain,  the  mechanical  characteristic  of  contact 
group  (Fig.  2- 1)  - 


2-3.  The  approximate  computation  of  the  sagging/deflection  of 
flat  springs. 

The  given  above  formulas  make  it  possible  to  accurately 


calculate 

the 

mechanical  characteristics 

of 

contact  groups 

However, 

the 

calculation  of 

the 

mechanical 

character istics 

comple  x 

contact  groups  with 

the 

aid  of 

these  formulas 

tequ ires 

much 

time. 
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At  the  small  length  of  spring  as  first  approximation, 
it  is  possible  to  assume  that  with  bending  it  remains 
straight  line  and  only  it  is  turned  at  the  point  of 

attachment.  Then  for  the  approximate  computation  of  the 
characteristics  of  flat  spring  it  is  possible  to  obtain  the 

simpler  formula: 

„ - * Fl>k  _ Fli 

* U3S7~mx-  (2-45) 


The  second  moment  of  area  of  flat  spring  of  relatively 
neutral  axis  is  equal*  to: 


“ 12' 


(2-46«) 


where  b - width  of  spring  and  h - its  thickness. 

area  of  wire  spring  is  equal  to: 
(2-46'fc) 

the  section  of  sire. 

% 

2-4.  Calculation  of  the  sagging/deflection  of  flat  springs 
of  trapezoidal  form. 


! 


The  second  moment  of 


where  d - a diameter  of 
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For  the  contact  groups  of  the  miniature/small  relays, 
working  in  mobile  units,  and  also  for  brushes  and  the 
contact  groups  of  selectors  frequent  to  be  applied  flat 
springs  of  triangular,  more  accurately  trapezoidal  form. 

The  contact  springs  of  triangular  shape  with  the 
identical  length  and  the  identical  moment  of  inertia  in 
critical  section  have  approximately  two  times  smaller  mass 
and  one  and  a half  times  smaller  rigidity  in  comparison 
with  right-angled  springs.  Therefore  the  relays,  loaded  by 
the  contact  springs  of  triangular  form,  require  less  than 
ampere-turns  for  function. 

Furthermore,  the  large  part  of  the  *ass  of  the  spring 
of  triangular  form  is  concentrated  near  tearing  edge,  the 
free  end/lead  of  this  spring,  carrying  contact,  has  the 
smallest  mass  and  therefore  considerably  less  it  is 
subjected  to  vibrations  in  work  than  in  the  springs  of 
rectangular  form. 

w 

Page  88. 

I ' 


■ 
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However,  the  contact 

springs  of  tr 

iangular 

form  in 

practice  cannot  be  used. 

since  at  the 

free  en 

d/lead  of 

t he 

spring  must  be  fastened 

the  contact,  d 

istance 

of  center 

of 

which  is  the  calculated 

length  of  the 

spring. 

Therefore 

a re 

virtually  applied  the  contact  springs  only  of  trapezoidal 
form. 


The  calculation  of  the  springs  of  trapezoidal  form  is 
very  complex.  For  simplification  in  the  calculation,  let  us 
assume  that  the  spring  of  trapezoidal  forir  can  be  replaced 


by  two  springs 

rectangular  and 

tr iang 

ular 

form  (Fig. 

2-9)  . Let  us  suppose 

that  these 

springs 

are 

bent 

independently  of 

each 

other  under 

the  a 

ction 

of  two 

different  forces. 

but 

they  have 

in  this 

case 

ident ical 

sagging/de  fleet  ion 

£2-5). 

For  the  spr 

ing 

of  triangular 

form. 

t he 

dif f ere  ntia 1 

equation  of  elastic 

curve  can  be 

writte 

n in 

the  following 

form: 

£/«  S " v«’  (2-47) 

wher*  /«  - the  second  moment  of  area  at  point  x 


relative  to  z axis 


I 


( 
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From  the  similarity  of  triangles,  we  find: 

The  second  moment  of  area  at  point  x is  equal  to: 

, _*.*  M*  , i.  .v 

— ar  (2-*8) 


where 


Jr- 


V* 

IT 


Substituting  instead  of  Jm  and  Mm  their  value,  we 
will  obtain: 


(«<1 


By  integrating  twice  the  equation  of  elastic  curve,  we 
find  the  dependence  between  amount  of  deflection  of  the 
spring  of  triangular  form  in  any  section  and  the  applied 
force: 


'>• 


(WO) 


DOC  * 78012405 


PAGE 


fig.  2-9.  Springs  of  trapezoidal  and  triangular  form. 


Page  89. 


Amount  of  deflection  of  the  end/lead  of  the  spring  at 
the  point  of  application  of  force  is  equal  to: 


V 

"T=  2 JT‘ 


(2-51) 


Prom  equation  (2-50)  vc  find  expression  for  the  force  Fr, 
which  must  be  applied  at  the  end/lead  of  the  spring  of 
triangular  form  for  obtaining  of  sagging/deflection,  equal  y: 


(2-52) 
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The  amount  of  the  force  F„,  which  must.  be  applied  at 
the  end/lead  of  right-angled  spring  for  obtaining  the  equal 
sagging/deflection  y,  let  us  determine  from  expression  (2-1): 


where 


_ V 

“IT 


Then  the  amount  of  the  force  which  must  be  applied  at 
the  end/lead  of  the  spring  of  the  trapezoidal  form, 
comprised  of  two  springs  of  triangular  and  rectangular  for*, 
obviously,  it  will  be  equal  to  the  sum  cf  forces  Fr  and  Fn\ 

we  have: 


F = Fr  + Fa  = + 


-P—fl"*  j B /j  3 j » 

+ F(3i_,)“-3-(T+gr^),  (2-53) 


whence  we 
form  in 
seal  and 


find  expression  for  the  spring  sag 
any  section,  which  is  located  between 
the  point  of  application  of  force: 

V«= r— FtMOl—t) 


of  trapezoidal 
the  place  of 


Amount  of  deflection  of  the  end/lead  of  the  spring  of 
trapezoidal  fora  (with  x = l)  will  fc€  eqaal  to: 

v _ *!• 

+ • (2-55) 
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« 

The  error,  which  give  these  approximation  formulas,  does 
not  exceed  4o/o. 

j 

2-5.  Calculation  of  the  flat/plane  bent  springs.  , 


In  miniature/small  instruments  as  a result  of  faults  of 
places,  usually  it  is  necessary  to  apply  the  flat/plane 
bent  springs.  Figures  2-10  shows  the  outlines  of  the  most 

freguently  used  flat/plane  bent  springs. 

Page  90. 

These  springs  consist  of  the  direct/straight  and  bent  in 

circumference  sections;  therefore  the  sagging/deflection  of 
the  bent  springs  is  located  as  sum  of  the  sagging  of 

these  sections  of  the  point  of  application  of  force.  If 
the  ratio  of  the  thickness  of  spring  to  a radius  of  the 
rounding  of  the  bent  part  is  less  than  0.6,  then  the 

value  of  additional  shear  stresses  can  be  disregarded. 

According  to  Castigliano  theorem  the  spring  sag  y in 

k 

the  direction  of  the  applied  load  P is  equal  to  derivative 
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According  to  formula  (2-56) we  find  for  the 
direct/straight  section  of  the  spring: 

y>  = ij  ] F*dx=Sb 

*— o 

and  for  the  rounded  section  of  the  spring 

i V 

Vt~BJ  J ^(“  + r sing.*) = 

“ £/[(“*  + ^)a  + 2r«(l  — cosa)  — ^ sin  2a  j, 

where  r is  a radius  of  the  rounding  of  the  bent  part  of 


the 

spring,  * is 

alternate  angle. 

a - the  central 

angle 

of 

bent  part  and 

u - the  length 

of  the  straight 

por  tion 

of 

spring. 
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Consequently,  spring  sag  (Fig.  2-10a)  at  the  point  of 
application  of  force  will  be  equal  t.c: 

v = TTj\\  + [u}r  + t)0,  + 2ur*(l  — cos  a)—  ~sin2aj.  (2-57) 

If  the  value  of  the  central  angle  of  the  bent  part 
of  the  spring  a = 90°,  then 

v = Tj |y  + n ( u*r  + j)  + 2«r*].  (2-57a) 

In  a similar  manner  is  determined  expression  for  the 
sagging/deflection  of  the  bent  spring,  depicted  in  Fig. 

2- 10b;  we  have: 

*— U V—K 

y “ Krf  j Fx' izi  + \ /*(»  + r.inf),/-rff + 

«-»  <p  = 0 

+ J/(-  + ^]-£pS^  + llr-i  + 4rtl  + 

*«—0 

+ t|- + «,V  — Hr*],  (2-58) 

where  v - the  length  of  the  lower  rectangular  section  of 
spring. 

If  value  v is  equal  to  zero,  then 

9 " Tj(j  + "nfl  + 4r*  + 


(2-58.) 
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The  greatest  bending  moment 
the  rounded  part  of  the  spring: 

M um  * F (11  ■+■  r ). 

2-6.  Calculation  of  the  mechanical  characteristics  of 
standard  contact  groups. 

Analytical  calculation  of  the  mechanical  characteristics 
of  contact  groups  is  connected  with  very  cumbersome 
calculations;  however,  for  standard  contact  groups  calculation 
can  be  considerably  simplified,  if  we  preliminarily  calculate 
a series  of  the  numerical  coefficients,  which  depend  on 
geometric  dimensions  and  the  material  of  contact  springs. 


occurs  in  the  middle  of 


(2-59) 


i 


7- 


lip 
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Table  2-1.  On  the  calculation  of  the  mechanical 
characteristics  of  standard  relays. 


( Pwm  mu  pnn 

Q Put  IB 

na  PKH 

^TdlWUU  OPTWM 

( ^T»»wnu 

Bpywn 

h — 0,45  4U4 

h * 0,5  MM 

| h = 0,55  MM 

h — = 0,3  MM 

| h *»  0,35  -HJH 

{jh  I. 

11  p o r a 6 u 

opywiBu 

IB  p a 3 JI  H 

IBU  I TOH  K A X 

0,421  • /„ 

0,308  • Fa 

0,232  ■ Fa 

0,1565  ■/„ 

0,0984  • Fa 

0.390  • Fb 

0,286  ■ Fb 

0.215  /h 

0,1311  Fb 

0,0825  • Fb 

0,31 2/, 

0,228  ■ /- 

0,172  • Fc 

0,0851  • F( 

0,0536  • Fc 

0,278  • Fd 

0.204  • Fd 

0,154  /d 

0.1131  Fd 

0,0712  • Fd 

0,390  • Fa 

0,286  ■ /„ 

0,215  •/„ 

0.1311  •/„ 

0,0825  • F„ 

0,362  • Fb 

0,265  • Fb 

0,200  ■ Fb 

0.1110  Fb 

0.0698  • Fb 

0,291  • Fc 

0,213  • Fc 

0,160  Fc 

0.0732  ■ Fc 

0.0461  F,. 

Vbd, 

0.261  Fd 

0,191  /d 

0,144  Fd 

0,0961  • Fd 

0.0606  Fd 

0,312/. 

0,228  • Fa 

0.172  • Fa 

0,0851  ■ /. 

0.0536  Fa 

Vcibi 

0.291  • Fb 

0,213  ■ Fb 

0,160  •/„ 

0,0732  • Fb 

0,0461  F,. 

0.236  • Fc 

0,1 73  /c 

0,130  ■ Fc 

0,0505  • Fc 

0.0318  - A'f 

0,213 -/d 

0.156  ■ Fd 

0,117  /d 

0.0645  Fd 

0,0406  ■ Fd 

0,278  ■ /a 

0,204  /. 

0,154  ■ Fa 

0,1131  /a 

0,0712  Fa 

0,261  ■ Fb 

0,191  • Fb 

0,144  Fb 

0,0961  • Fb 

0,0606  • Fb 

0,213  /c 

0,156  /c 

0,117  /c 

0,0645  • Fr 

0,0406  ■ Fc 

Vd<d i 

0.193  • Fd 

0,141  Fd 

0,106  Fd 

0,0832  • Fd 

0,0530  • A'd 

C H H T ■ e 

■ a w ■ e ft 

opy  mu 

u c y n o p a 

F" 

1,307  • /ol 

— 

— 

1,755  • /., 

_ 

Fc  i 

0,905  /d, 

— 

— 

1,305  ■ Fdl 

— 

/rfi 

1,445  /al 

— 

— 

1.345  -/al 

• 

Adi 

1,350  /m 

— 

— 

1,145  /L 



Vci 

0,0008  /ct 

0,0006  ■ Fcl 

0,00043  • Fel 

0,0011  /el 

0,0007  • Fcl 

Val 

0,0035  • /el 

0,0026  • Fn 

0,00196  • /„ 

— 0,0014  • /el 

—0,0009  • Fc, 

Vbi 

0,0096  • Fbl 

0,0070  • Fbl 

0,0053  • Fbi 

0,0006  /M 

0,0004  ■ Fbl 

Vbi 

0,0027  • Fcl 

0,0020  • /el 

0,0015  /„ 

-0,0006  Fcl 

-0,0004  •/,., 

(<,1 


III.  Cutit  e ynopi 
e iokoviii 


■•piitl  BpymiiH 
u«i  npyxnu 


Fct 

1,410/-. 



1,880  • /., 

Vet 

0,0150  /c 

0,0110  •/* 

0,0063  • Fgt 

0,0054  /„ 

Vat 

0/1177- /at 

0,0130  /,, 

0,0098-/., 

0,0042-/., 

Vat 

0,0126  ■ Fa 

0,0092  • Fct 

0/W69-/,, 

0,0022  Fct 

(y>\  iv. 

CoiMeiml  nporaC  o6.ii  ipym 

Fct 

2,70/., 



_ . 

3,67  •/., 

F,t 

0,3705  • Fet 

— 

— 

0,272  /’ 

Vet 

0,1 21  • Fct 

0,0837-/,, 

0,0667  ■ /„ 

0,0272  Fct 

Vbt 

0,145  ■ Fct 

0,106-/- 

0,0798  /„ 

0,0358  • /„ 

Vdt 

0,103  • Fct 

0,0756  /;, 

0,0560-/- 

0,0308  • /„ 

0,156  •/„ 

0,117  • /„ 

0,086 -/e. 

0,0426  /ei 

Ca»Tie  itpiatl  ijiicpe 
F<  4 


1.410-  /., 
0,0150  /t4 
0,0177  F* 
WMF" 

/ 0\V1.'  C U H T H C C 
' • / c noMontbio 


Vet 

Pm 


0,0110 
0,0130  • /a4 
0,0002  /c4 

k o u t a K T 
t p p t b e ii 


0,0034  Fn 
0,0026  /., 
0,0014  • rtt 


0,0172  • /e, 
0,0225  /<., 
0,0194  ■/„ 
0,0288  Fc, 

AHeft  n p y « i a u c k o b t« k t a 

1 880  • F 

0,0083  /M  0/KB4  P"  0,0084 •/,, 

0,0098  /.,  0,0042  /*  0,0086  /., 

0,0060  /M  0/M22/e4  0,0014  /„ 

a Bepxucfi  ii  p y »i  ii  ii  u 

(ii  h w ii  c 8)  npymiiHU. 


C% 


Tr 

Vet 

Vat 


1.389  • /al 

— 



1.863-  /a, 

0.955  • /6, 

— 

— 

0,851  /6, 

1,326  • AY, 

— 

— 

1.585  /fc. 

0.0122  /„ 

0.0089  • Fe% 

0.0067  • Fe% 

0,0048 -AY, 

0,0122  /a, 

0,0089  • Fag 

0.0067  • Fa% 

0,0024  ■/., 

0.0030  • /, 
0,0015  A'a 


VII.  Paaxepu  npyaia 


73,9  mm 

— 

— 

37,0  mm 

k 

70,3  » 

— 

— 

33,0  » 

k 

61,0  > 

— 

- — 

25.4  » 

k 

57,0  » 

— 

— 

30.1  » 

* 

3,5  » 

— 

— 

4.0  » 

J 

0,0266  mm* 

0,0965  mm* 

0,0465  mm* 

0,009  mm* 

0,0143  . 
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Key:  (1).  Relays 

of  the  type. 

(2) 

. Thickness  of  springs 

(3).  Spring 

sags 

at  different 

points. 

(4).  Removal/taking 

lower  spring 

from 

backstop.  (5) 

. Removal/taking 

from 

the 

backstop  of 

upper 

spring  with 

the 

a id 

of  lower 

spring . 

(6).  Conbined 

sagging/deflection 

of 

both 

springs. 

(7). 

Removal/ta  king 

upper  or  average 

spring 

from  contact. 

(8)  . 

Removal/taking 

from  the  contact 

of 

upper  spring 

wit  h 

t he 

aid  of  the 

thir  d 

(lower)  spring. 

(9)  . 

Size/dimensio  ns 

of 

springs. 

Page  93. 


Effect  of  a 

change  in 

the  width  of 

spring  of 

end/lead,  and  also  friction 

we  disregard. 

Purthermor  e. 

let 

us  consider  that 

the  pressur 

e of  spring 

cn  backstop 

is 

concentrated  in  its  center. 

Springs  of  the  contact  groups  of  relay  they  are 
■anufactured  froi  extra-hard  argentan,  which  has  on  the 

averaga  modulus  of  the  elasticity 

*-i.2  io4Wr/c4.»  - 12  io*  rj&*. 

Key:  (1).  kgf/cm*.  (2). 
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The 

width  o 

f the 

contact  springs  of 

relay  of 

the  type 

RPN 

is 

equal  to 

3.  5 

mm. 

thickness 

their 

0.5  mo. 

Moment 

of 

the 

inertia  of 

spring 

of 

relay  of 

the  t] 

|rpe  RPN 

•0.5* 

13  “ 

0,0364  jmi4. 

The 

distance 

of 

point 

A from 

bearing 

edge  is 

egual 

to 

73.9 

mm. 

point 

C it 

is 

equal  to 

6 1 mm 

and  point 

D it 

is 

equal 

to  57 

mm. 

Substituting  in  equation 

(2-4)  these 

values. 

we  find 

the  dependence  between 

force 

and  sagging/deflection 

in  point 

A for  the  springs  of 

rela  y 

of  the  type 

RPN  in 

t he 

following  fora: 

*•<•>  “ F*e*  ~ ‘S  '- 12-  KM-d.oiM  “ 0,30 SFa, 


where  - sagging/deflection 

at  point  A of  spring,  Fa  - 
in  grams,  c«  » 0.  308  - the 

spring. 


into  mm,  expressed  by  force  F, 
force,  applied  at  point  A, 
flexibility  of  an  entire 


Substituting  in  remaining  equations  for  A and  l4 

their  value,  we  obtain  the  values  of  the  flexibility  of 

the  springs  which  considerably  facilitate  the  calculation  of 

the  aechanical  characteristics  of  the  contact  groups  of 
relay  of  the  type  RPN. 
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Table  2-1  gives  corrected  values  of  the  flexibility  of 
springs  for  the  relay  of  types  RFN  and  FKN. 

For  bringing  the  displacement  of  the  driving/mo ving  plug 
to  corresponding  course  of  armature,  it  is  necessary  the 
extent  of  this  movement  Vc  to  multiply  by  the  relation  of 
the  arms  of  armature  and  bridge.  For  relay  of  the  type 
BPN,  this  sense  is  equal  to: 

2*j*  j i, 

68  1*11- 

Using  the  given  above  coefficients,  it  is  possible  to 

construct  mechanical  characteristics  almost  for  all  contact 
groups  of  the  relay  of  types  RPN  and  RKN  during  any 

adjustment  of  these  groups. 


2-7.  Calculation  of  the  mechanical  characteristic  of  helical 
cylindrical  spring. 


I 
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The  dependence  between  the  elongation  of  the  helical 
cylindrical  spring  of  round  cross-section  y (Fig.  2-11)  and 
the  applied  force  F is  expressed  by  the  following  formula: 


F2nr*» 

~G7T‘ 


(2-60) 


where  F - strain  in  kgf;  r is  the  mean  radius  of  the 

turns  of  spring  in  mm;  n is  a turn  number  of  spring;  G 

- modulus  of  elasticity  of  shearing  in  kg/mm*. 


The  polar  moment  of  inertia  for  the  wire  of  the  round 
cross- sect  ion 

Jf~%’  (2-61) 

where  d is  a wire  diameter  in  mm. 
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<r- 

Fi9*  2-11.  Outline  of  relay  with  helical  return  spring  (a) 

mechanical  characteristic  of  relay  with  ceil  spring  (h)  ; 
outline  of  coil  spring  (c)  . 
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Conseguently,  the  mechanical  characteristic  of  the  coil 
spring  of  round  cross-section  will  be  expressed  as  follows: 

h = = (2-62) 

where  i is  a spring  constant. 

Figures  2-11a  shows  relay  with  helical  return  spring. 
For  the  creation  of  contact  pressure  in  calm  position, 

spring  usually  has  the  initial  tension 


the 
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In  operating  position  the 
reacting  force  of  spring 


spring 
will  be 


is 
eg  u 


dil 

al 


ate/extended, 

to: 


and 


Fl=t\  + iV  = FK,l-  + i“>, 


where  A is  a distance  between  contacts. 


After 

giving 

this  force 

to  the  course 

will 

obta in 

the 

equation  of 

the  mechanical 

this 

re  la  y 

(Fig. 

2-  1 1b)  : 

F. 

(2-63) 

of  armature,  we 
characteristic  of 


With  light  loads  it  is  necessary 
gravity  force  component  of  the  movable 


to  also  consider 
system  of  relay. 


2.8.  Example. 

Let  us  construct  analytically  the  mechanical 
characteristic  of  the  closing  contact  group  a of  relay  of 
the  type  RPN  (Fig.  2-12). 

Group  a has  the  following  adjustment:  the  pressure  of 
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lower  spring  on  backstop,  measured  on  contact  A 13—17 
Thickness  of  sprinys  0.50  mm.  Pressure  in  contact  20-25ff 
Distance  between  the  contacts  0.50  mm.  Relation  of  the  arms 
of  armature  and  bridge  a/b  = 1.11.  Course  of  the  armature 

of  relay  1.1  mm,  the  freewheeling  escapement  0.10  mm. 


Calculation  is  divided  into  four  independent 
cell/eleme  nts. 


a)  Removal/taking  the  lower 


spring  of  group  from  backstop. 


Mean 
point  A, 


pressure  of  lower 
we  take  equal  to 


spring  on  backstop,  measured  at 

15 


The  force  which  must  be  applied  to  the  blade 
of  group  (point  C)  in  order  to  remove/take  spring 
backstop  according  to  equation  (2-18)  and  table  2-1 

which  corrected  values  of  flexibility, 
to  this  equation,  it  will  be  equal  tc 

Fa  - 1,307  • - 1,307  • 15  - 19,6  ff. 


(bushing) 
from 
, in 


calculated  according 
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Fig-  2-12.  Outline  of  contact  group  a (with  circuit  closing 

contact)  of  relay  of  type  RPN. 

Page  96. 

The  displacement  of  point  C in  the  process  of 

relieving  the  spring  from  backstop,  caused  by  action 

a_niX- 

and  F*.  according  to  equation  (2-21)  ^ Tabl.  of  2-1,  will 

be : 

Vc  - 0,0006  • Fe  - 0,0006  • 19,6  = 0,012  mm. 

Armature  travel  of  relay  in  the  process  of  relieving 
the  spring  from  the  backstop 

6,  = ycl  “ » 0,012  1,11  -0,0133  mm. 

Thus,  the  process  of  relieving  the  lcwer  spring  from 

backstop  is  det/ermined  by  the  following  values; 


F',  - 19,6  r. 


6,  -0,013  mm 


i 
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b)  the  bending  of  lower  spring  to  the  contact  of  its 
contact  with  the  contact  of  upper  spring. 

After  removal/taking  of  lower  spring  from  backstop,  it 

is  necessary  to  apply  at  point  c some  secondary  force  Fc 
in  order  to  bend  this  spring  to  the  contact  between 

themselves  of  the  contacts  of  both  springs.  Force  *'c  can 
te  calculated,  if  is  known  the  distance  between  the 
contacts  which  must  be  locked. 

In  the  calm  state  of  group,  the  distance  between 

contacts  A,  according  to  condition,  is  equal  to  0.50  mm, 
but  after  removal/taking  of  lower  spring  from  backstop,  this 

distance  will  be  somewhat  less. 

The  displacement  of  contact  A of  lower  spring  with 
removal  from  backstop  let  us  compute  with  the  aid  of 
equation  (2-23)  and  table  2-1: 

yM  - 0,0026  15  - 0,039  mm. 

The  distance  between  contacts  after  renoval/taki ng  of 
lower  spring  from  backstop,  will  be  equal  to: 


A - V.i  - 0,50  - 0,030  - 0,401 
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In  order  to  move  the  contact  of  lower  spring  for 
distance  0.461  ram,  it  is  necessary  at  point  C of  this 
spring  to  apply  the  force  whose  value  can  be 

calculated,  using  eguation  (2-5)  and  table  2-1: 


Displacement  of  point  C with  the  bending  of  lower 
spring  to  the  contact  of  its  contact  with  the  contact  of 
upper  spring  let  us  compute  with  the  aid  of  equation 

(2-10)  and  table  2-1:  we  obtain: 

y,  - 0,173  rc  - 0,178 .8*02  - 0,85  mm. 

The  corresponding  arnature  travel  of  relay  will  be 

equal 

1,11  - 0,39  «». 

d)  Removal/ taking  from  the  backstop  of  upper  spring  with 

the  aid  of  lower  spring. 

The  pressure  of  upper  spring  on  backstop,  measured  at 
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4*5 


>7 


point  A, 

is  approximately  equal 

tc  pressure 

in 

the  contact 

whose  value  must  be  within  the 

limits  from 

20 

to  25  ff. 

The 

value  of  the  pressure 

cf  upper  spring 

on  backstop 

at  point 

A we  take  21 

The 

amount  of  the  force 

which  must 

be 

applied  at 

point  C 

of  lower  spring  in  order  bo  remeve/take 

from 

backstop 

with  its  aid  the  upper 

spr ing 

F't  = 1 ,410  • r . = 1,410 . 21  - », 6 f.  f. 


Page  97. 


Displacement  of  the  bush  of  contact  group  during 
renoval/taking  from  the  backstop  of  the  upper  spring 

Vet  = 0,01 10  ret  * 0,01 10  • 29,4  K 0,315  mm. 

Correspoadiag  displaceaent  of  the  arB«ture  of  relay  will 
be: 

6,  -0,325  1,11  - 0,36  mm. 


D)  The  combined  sagging/deflection  cf  both 


springs. 
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The  complete 

course 

of  the  armatu 

re  of 

the 

should  be  equal 

to  1.  1 

mm,  therefore. 

with 

the 

sagging/ de flection 

of  both 

springs  the 

d isplacemei 

mast  not  exceed 

*•  “ M ~ (0.013  + 0,33  -4-0,38  4-  0,1)  - 1,1  -0,863  - 0,337  ju. 

or 


re  lay 
co mb ined 
of  bush 
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Page  99. 

On  the  other  hand,  according  to  equation  (2-31)  and 
Table  2-1, 

»e4  = 0,0887  ^e4, 

whence  we  find  the  amount  of  the  supplementary  force  Frt, 
which  must  be  applied  at  point  C for  its  displacement  on 
0.214  mm: 

F“=Ar=!mi-2'At  ft 

An  increase  of  the  pressure  in  contact  fM  ■ with  the 

combined  sagging/deflection  cf  both  springs,  according  to 
equation  (2-33)  and  table  2—1,  comprises: 

*•»  - 0,3705  • Fct  = 0,3705  • 2,41  - 0.92  ff 

Consequently,  the  total  pressure  in  the  contact  of  the 

relay 

21  + 0,92 -22,02  ff 

Air-gap  clearance  between  the  upper  spring  and  the 

backstop  in  this  case  is  equal  to: 

ftf.  - 0,0759  rm  —0,0759  • 2,41  - 0,192 
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Thus,  the  combined  sagging/deflection  cf  both  springs  of 
group  is  determined  by  the  following  values: 

Fa  - 2,41  r,  6,  - 0,237  mm. 

Pressure  of  group  on  bushing  of  armature  in  the 
pullled  position  of  the  latter 

Fc  - 19,6  + 2,02  + 29,6  + 2,41  53,6  Jfc 

the  mechanical  characteristic  of  group  a it  is  shown  in 
Fig.  2-13. 


For  a 
mechanical 
who  break 
the  relay 


comparison  Fig.  2-14,  2-15  and  2-16 

characteristics  of  contact  groups  with 
and  by  the  changing  over  (reversing) 
of  types  fiPN,  RKN  and  RKN-1. 


give  the 
cl osing, 
contacts  of 
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Chapter  Three. 


CALCULATION  OF  SPRINGS. 


3-1.  General  information. 


Page  100. 

The  fundamental  characteristics  of  spring  alloys,  which 
determine  the  reliability  of  the  operation  of  contact 
springs,  are:  elastic  limit,  relaxation  resistance  and 
endurance  limit  (fatigue). 

Stress  relaxation  is  the  process  of  consequence,  which 
is  expressed  in  a change  (decrease  in  time)  in  the 
stresses  of  the  elastic  deformed  metal  as  a result  of  the 
transition  of  elastic  deformation  to  plastic  with  a 


consta  nt 
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value  of  overall  strain.  Relaxation  phenomena  occur  as  a 
result  of  the  course  of  shift-dislocation  and 
diffusion-dislocation  processes  in  metal.  Therefore  the 
structure  of  alloys  for  springs  must  provide  high 
resistor/resistance  to  small  plastic  deformations. 

The  value  of  stress  relaxation  and  the  endurance  limit 
of  alloys  for  springs  depend  on  elastic  limit. 

For  providing  the  reliable  work  of  springs,  stress 
relaxation  must  not  exceed  lOo/o  with  stresses  of 
approximately  40  kg/mm2. 


The  direct/straight  elastic  after-effect  of  metals  is 
developed  in  the  course  of  time  in  the  supplementary 
deformation  of  material  under  the  action  of  elastic  stress. 
In  this  case,  the  deformation  rate  falls  in  the  course  of 
time,  and  deformation  itself  approaches  certain  limiting 
value.  This  process  is  characterized  by  from  the  known 
phenomenon  of  creep  only  amount  of  deformation  and  the 
degree  of  its  reversibility  (at  elastic  after-effect 
reversibility  considerably  more).  Reverse/inverse  elastic 
after-effect  consists  in  the  gradual  removal/taking 
deformation  mentioned  above  of  supplementary  after  the 
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distance  of  external  force. 

In  view  of  the  fact  that  with  the  elastic  stresses 
occurs  residual  strain,  one  should  speak  not  about  absolute 
elastic  limit,  but  only  about  conditional,  with  some 
conditional  amount  of  strain. 

Page  10  1. 

During  the  measurement  of  offset  yield  strength,  it  is 
possible  to  allow  considerable  error,  if  we  do  not  consider 

the  time  during  which  the  speci men/s  ample  is  found  under 
load.  On  the  basis  of  the  number  of  the  investigations, 
carried  out  in  Acad . /Acade micia n' s laboratory.  N.  N. 
Davidenkov,  this  time  is  recommended  tc  take  as  agual  to 
10  min  [3-1]. 

For  determining  offset  yield  strength  of  the  material 
of  contact  springs  the  amount  of  residual  deformation  Ar1# 
after  10  min  can  be  accepted  equal  to  0.003o/o.  In  this 
case  offset  yield  strength  is  designated  v0,oo3* 

More  fully  the  material  of  springs  characterizes  curved 
of  elastic  limits,  i.e. , dependence  curve  of  value  Ae„ 


« 

i 
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from  the  applied  stress.  The  stress  with  which  terminates 
the  linear  section  of  the  curve  of  elastic  limits,  is 

called  proportional  elastic  limit  and  is  designated  oBr- 

Besides  the  amount  of  the  deformation  of  direct/straight 
elastic  after-effect  for  10  min  (Ae„)  for  evaluating  the 

inadequate  elasticity  of  Acad. /Academician ' s spring  materials. 

N.  N.  Davidenkov  proposed  to  determine  also  the  following 
characteristics:  the  difference  between  the  values  of 

direct/straight  elastic  after-effect  for  2 h and  for  10 

■in:  m — Ae,,  in  o/o;  the  ratio  of  the  deformation  of 

direct/straight  aftereffect  for  2 h to  deformation  for  10 
■in:  k = Ae,,*/Ae,«;  the  value  of  reverse/inverse  aftereffect 

for  1 h:  Aaoap*  in  o/o  and  the  reversibility  of  the 

process  of  aftereffect  a — Aeospw/Acnpu*  in  o/o. 

These  characteristics  are  named  the  criteria  of  elastic 
after-effect. 

The  contact  springs  of  relay  are  manufactured  largely 
from  the  nonferrous  alloys  (white  copper,  bronze  so  forth) , 
which  have  the  smaller  value  of  the  modulus  of  elasticity 

and  therefore  they  make  it  possible  to  obtain  large 
sagging/deflections  as  compared  with  steel  springs  at  snail 

[' 
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contact 

pressures. 

W ith 

the  s 

nonferrous  alloys. 

have 

approx 

sagging 

than  the 

steel 

spring 

a me  load  of  spring  of 
imately  two  times  larger 
s of  identical  size/di.  mensions. 


However,  it 
permissible  araoun 
approximately  1.5 
ratio  of  the  va 
the  modulus  of 
alloys. 


is  necessary  to  note  that  greatest 
t of  deflection  of  steel  springs  is 

times  more,  since  they  have  the  larger 
lue  of  allowable  stress  to  the  value  of 
elasticity,  than  spring  from  nonferrous 


Furthermore,  spring 

from 

nonferro 

considerable 

more  easily 

and 

it  is 

production  ; 

they  have  sm 

all  er 

resisti 

than  steel 

in  the  relat 

ion 

to  corro 

alloys  it  i 
convenient 
and  more 
resista  nee. 


s 

in 

stab le 


The  springs  of  the  special  types  of  relay  must 
mainta in/w it hstand  prolonged  operation  during  changes  in  the 
ambient  temperature  from  -60  to  ♦125QC  and  *-200°C  and 
increased  relative  humidity. 


It 

is 

necessary  to  note 

that  the 

te 

mperature  of 

contact 

springs  at  the  work 

of  relay 

i s 

higher  than 

temperature 

of  surrounding  air 

beca  use 

of 

the  power. 

the 
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scattered  by  winding  and  the  contacts  of  relay. 

Page  10  2. 

At,  elevated  temperatures  the  value  of  offset  yield  strength 

i 

decreases,  moreover  this  decrease  of  different  spring 
materials  is  different. 

t 

Springs  from  tin-phosphorous  bronze  can  long  work  at 
temperature  to  e100°C.  The  value  of  offset  yield  strength 
of  bronze  at  this  temperature  is  equal  tc  approxii atel y 
0 a } aoj  = 30  kg/uim?.  At  temperature  above  100°C  elastic 

limit  of  the  phosphor  bronze  decreases. 

Argentan  maintain/withstands  long  operating  temperature  to 
♦200°C;  however  for  providing  the  constancy  of  the 
regulating  parameters  of  spring  of  white  copper,  it  is 
necessary  to  stabilize  (to  anneal)  at  the  temperature  higher 
than  worker  by  20°C.  Offset  yield  strength  of  white  copper 
at  temperature  of  ♦200°C  and  Ae„  = 0,003%  is  equal 

approximately  to  25  kg/mra?. 

Springs  from  the  thernalization/heat-treated  (refined) 
beryllium  bronze  can  also  long  work  at  temperature  to 
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150°C,  if  the  stress  in  the  material  of  springs  does  not 
exceed  35-40  kg/mui?. 

Spring  alloys  on  the  base  of  copper  acquire  the 

increased  elastic  properties  as  a result  cf  cold  plastic 
deformation  (after  roiling);  therefore  for  the  production  of 
contact  springs,  they  are  utilized  largely  solid  or 

extra-hard  tape,  which  corresponds  deformation  (degree  of 
reduction)  50-60o/o  or  80-90o/o  (respectively). 

According  to  the  investigations,  carried  out  by  A.  G. 
Rakhshtadt,  R.  I.  Hishkevich,  G.  S.  Ionichev  and  L.  G. 
Sholtomir  with  an  increase  in  the  degree  of  reduction  from 
50  to  80o/o  modulus  of  elasticity  of  white  copper 
(MNTs15-20)  and  tin-  phosphorous  bronze  (BrOF6.5-0. 15)  does 
not  virtually  change,  but  elastic  limit  increases  on  the 

average  approximately  by  22o/o. 

In  the  process  of  the  cold  rolling  of  fine/thin  spring 
tapes,  zonal  stresses  and  the  inadequacies  of  structure 

(dislocation)  are  distributed  unevenly,  and  therefore  is 
noted  elastic  anisotropy.  The  value  of  module/aodulus  and 
elastic  limit  of  these  alloys  depends  on  the  direction  of 
the  cut  of  springs  (along  or  across  the  direction  of 
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rolling) , of 

the 

thickness  of  material  and 

hea  t 

tr ea  tment 

of  springs. 

The 

maximum  values  of  module/ modu lus 

and  elastic 

limit  of  white 

copper  and  tin-  phosphorous 

bronze 

are 

reached  in 

the 

springs,  cut  out  across  the 

direction  of 

the  rolling 

of 

tape. 

The  anisotropy  of  elastic  limit  is  expressed  more 
sharply  than  the  anisotropy  of  the  modulus  of  elasticity, 
it  grow/rises  with  an  increase  in  the  degree  of  reduction 
and  a decrease  in  the  thickness  of  sheet  from  0.3  to  0.2 

mm. 


The  low-temperat ure  incompletely  recrystallized  annealing 
of  springs  from  argentan  at  300°C  during  4 h and  tin- 
phcsphorous  bronze  at  150°C  for  1 h decreases  the  residual 
stresses  after  rolling  and  operations  of  machining  during 
the  production  of  springs,  and  also  it  leads  to  a change 
in  the  fine  structure  and  are  caused  interphase  conversions 
in  alloys. 

Page  103. 

As  a result  of  the  low-temperature  annealing  of  these 
alloys,  considerably  is  raised  elastic  limit,  measured  with 
small  tolerance  for  residual  deformation  (0. 002o/o)  , increases 
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relaxation  resistance  at  the  normal  and  elevated 
temperatures.  Elastic  limit  in  this  case  is  raised  by 
20-46o/o,  and  modulus  of  elasticity  - to  3-4o/o. 

Elastic  anisotropy  after  annealing  decreases  as  a result 
of  removal/taking  and  redistribution  of  residual  stresses, 
and  also  the  redistribution  of  the  defects  of  structure. 

The  temperature  coefficient  of  the  modulus  of  elasticity 
has  negative  sign  and  it  is  equal  for  tin-  phosphorous 
bronze  3.  4*10~®,  for  white  copper  3«10~*  and  for  beryllium 
bronze  3.  8*  10~4  deg-1. 

Electromagnetic  relays  must  reliably  work  for  many  years 
and  maintain/withstand  for  this  time  without  damages  and 
distucbance/breakdowns  of  adjustment  from  10s  for  10 ® cycles 
of  work  (functions  and  release/tem per inys) . During  entire 
service  life  in  equipment  for  the  automation  of  relay, 
usually  they  pass  from  10s  to  10*-107  cycles,  at  the 
automatic  telephone  exchanges  of  step-by-step  system  from  107 
to  10®  cycles,  on  ATS  of  coordinate  system  from  107  to 
10®  cycles  and  in  telegraph  equipment  from  10®  to  10® 
cycles. 


I 
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For  providing  for  a reliable  work  and  stable 
adjustment,  the  contact  and  return  springs  of  relay  must 
maintain/withstand  from  107  to  109  cycles  without  breakdowns 
and  noticeable  residual  deformations  with  high  mechanical 
stresses. 

The  contact  springs  of  relay  work  long  time  with 
varying  load  one  or  of  two  signs;  therefore  the  maximum 
allowable  stress  must  oe  selected  taking  into  account  the 
fatigue  strength  of  metal  [3-2,  3-3,  3-4], 

Endurance  limit  (fatigue  limit)  for  natural  steel  or 

hardened  steel  at  high  and  average/mean  tempering  is  reached 

usually  through  106-107  cycles  and  at  the  varying  load  of 
two  signs  comprises  approximately  0.4  from  ultimate  strength 
(with  extension).  Torsional  endurance  limit  in  the  analogous 
case  is  approximately  equal  to  0.22  from  ultimate  strength. 

For  nonferrous  metals  and  alloys  endurance  limit  in 

work  over  107-108  cycles  can  be  considered  equal  to  0. 3-0.4 

from  ultimate  strength,  but  in  nonferrous  alloys  endurance 
limit  does  not  have  sharp  boundary  and  in  work  over  10s 
cycles  continues  slowly  to  decrease. 


i; 

( 


i 
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The  fatigue  strength  of  the  spring  alloys  of  white 
copper  and  tin-phosphorous  bronze  depends  cn  the  value  of 
cold  plastic  deformation,  direction  of  the  cut  of  springs 
from  tape  and  the  heat  treatment  of  springs. 

Page  104. 


To  Fig.  3-/,  are  given  the  curves  of  the  dependence 
of  the  fatigue  strength  of  white  copper  (HNTs15-20)  and 
tin-  phosphorous  bronze  (Br OF6. 5-0.  15)  by  thickness  0.2  and 
0.3  mm  from  the  number  of  operating  cycles  after 
deformation  with  the  degree  of  reduction  50  and  80o/o  for 
the  specimen/samples,  cut  out  along  the  direction  of  rolling 
of  sheets. 


Analogous  curves  for  the  specimen/samples,  cut  out 
across  the  direction  of  rolling  of  sheets,  are  given  to 
Fig.  3-2.  These  curves  are  constructed  according  to  the 
results  of  the  investigations  of  A.  G.  Rakhshtadt,  R.  I. 
Hishkevich,  G.  S.  Ionicheva  and  L.  G.  Sholtomir. 

» 

I 


i 


Investigations  were  carried  out  during  the  asymmetric  cycle 
of  loading  (load  of  one  sign)  and  at  repetition  frequency 
of  600  cycles  per  minute. 


DOC  = 78012406 


PAGE 


aamntiiwimm 

1 ■■■iiiiiihBiib 

I llllllll! 

*il«lllll 

.<.111111 
K*MIIII! 

I min 

I txm'iiiii! 
i ANMIl 

■kn«iib9«iiiiiI 

XQBtt^'ttllllllllll 


■■■■mu 

■■■■mu 


■uni 

■Hill 

■uni 
■mini 
■limn 

■lllll 
■lllllil 
■iiiii 
■limn 
■iiinii 

■einiii 
■Bilim 
isiiiii: 
■iiinii 

Kbiiiiiii 

■WMIIII^«iI^!iiSC£iKi:i: 

(■■■IIHII!liEZ:?-i^;^&^r:!:l 

■■■IKIKIi«MIIIIII*iS;S32! 


02  aj  atm 


Fig.  3-1.  Curved  of  the  dependences  of  the  fatigue  strength 

of  spring  alloys  on  the  number  of  operating  cycles 

(specimen/saotples  are  cut  out  along  direction  of  rolling).  1 

BROF6.5-O.15  by  thickness  0.3  ma,  not  annealed;  2 - the 
same  annealed;  3 - NNTs  15-20  by  thickness  0.3  mm,  not 

annealed;  4 - the  same  annealed;  5 - BrOF6.5-0.15  by 
thickness  0.2  on,  not  annealed;  6 - the  same  annealed;  7 
HNTs15-20  by  thickness  0.2  nm,  not  annealed;  8 - the 

same  annealed. 
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Key:  (1).  G/mm2.  (2).  cycles. 
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With  change  of  the  endurance  limit  (for  5«106  cycles)  of  a 
tin- phosphorous  bronze  with  one-sided  curvature  (asymmetric 
cycle)  approximately  to  lOo/o  and  white  ccpper  to  4o/o.  In 
this  case,  higher  values  endurance  limits  reach  on  the 


springs 

of  larger 

thickness 

(0. 

3 mm)  due 

to  the  more 

powerful 

effect  of 

surface 

defects  on  the 

properties  of 

fine/thin 

springs 

(0.2  mm)  . 

The 

absolute 

value  of 

the 

endurance 

limit  of  the 

de  formed 

tapes  is 

more  in 

the 

specimen/samples,  cut  out 

across  the  direction  of  rolling 

• 
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Pages  106  and  1 07. 


Table  3-1.  Materials  for  the  springs  of  relay. 

1 77T 

p<V)  ripcAui  »m-| 


oy 

MATEPHAJI 


0^  II eftax/ib6ep  JieuToq 
uuh  TBepAua 


(/t\ 


''  llefiaDJib6ep  oco6o 
Toepflhifi 


(1) 

Mapxa 


i? 

s ? 

o £ \ 

m 

si« 

£ 

Red 


Mil  11 

15—20 


l'/'>'<lioc(t)opHcraH  6pouaa 

JieHTOHiiUH  Tn«  p;(an 

(A> 

<l>Oc<|>OpUCTaH  OpOll.tU 
ucofio  TuepAan 

^hlpeuuo-MapraimcHii- 
CTaa  Cpouaa  TucpAan 

(i*) 

Kpeuue-uapraiipouii- 

CT8H  OC<)6oTBOpA«H 

(^AaMUHUBeBaH  Cpouaa 

AeuTOsaaa  Tepuoo6- 
, ^ paCoTaauii 
l ■*  AjuoMaaaasaa  6poaaa 
tbbpmb 


KpO<I» 

6,5-0,15 


Cp  KMU 
3—1 


BpA7 


3 


55 


65 


65 


l\ 

r;  • 
oZ  evi 

II 

C o 


32-38 

38-50 

29-36 

35-  48] 


JPl 

5*2 

a j 
Be* 


il 

li) 

Si1! 


12 


14,3 


ft) 

Moflyab  ynpy-l 
room  k, 

K r/MM* 


11  GOO- 
14  000 


§ 

I? 

Xm 


4000 


4 400 


1,58 

1,92 


(sc) 

YAC/ibHoe 

ajlCKTpOCO- 
uporMUJie- 
HI1C  P , 
QM  ’MM- 


0,20 


(m 


u 


O <o 

Ij 


It 


0,25-0,35 


12 


8,7 

8,85 


fn) 


XBMHiecKKt  cocraa, 
% 


13 


13,5-16,9  Ni;^y> 
18—22  Zn;  npaue- 
ca  0,9; 
oct.  Cu. 


I 


12 


14,3 


65 


75 


65 


44 


50 


23 


26 


14,3 

16,5 


9000— 
11  300 


12000 


12  000 


60  42 


46 


21 


23 


13,2 


14,3 


11000- 

13000 


4 200! 


4 200 


1,73 

2,09 


0,176 


4 200 


4 200 


4100 


4 lOOj  2,00 


1,92 

2,36 


1,9 


0,15 


0,13 


0,82-0,83 


0,33-0,45 


8,65 

8,8 


8.4 


6—7  Sn; 
/»  0,1-0,25  P; 
-□  pauses  0,1; 
oct.  Cu. 


2,75—3,5  Si; 
/>,1. 0—1,5  Mn; 

'TipHMecH  1,1; 
OCT.  CU. 


0,72-  0,78 


7,8 


7,9 


V ,?>  ®~8  Al; 

r-'  npHMecB  1,6; 
oct.  Cu. 
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Table  3-1  (continued). 


(A 

(dt 


'l,«;pu.j.iiirnaii  Opouaa 

jieaToiuaH  Maraaa 
I UepaaaaaaaH  6poaaa 

. mepAan 

(l^UepujuiHOBaH  6pouau 
oCjiaropomeuuuH 


L>pB2,5 


(%)j 


)JlaTyub  aacToaaH  mht- 

^.l1) JlaTyub  JIHCTOBUH 

TBepAaa 


in') 


JlaTyHb  jibctoboh  oco- 
Co  TBepAHH 


(^1  McAb  JIBCTOBUH  MHr- 
KBH 

(3*)MeAb  JiHCTOBan  Tiiep- 

A«H  

(30  CTaab  jibutobhub  npy- 
.BHuiiad  Tupuoo6pa- 
CoTaanaa: 


1-6  TBepjv 

2 H TBC'PAOCTH 

3- 6  TBOPAOCTH^I 

4- 6  TBepAOCTj^, 


JIU8 

JI62 


M3 


V10A-1T 

10A-2T| 

10A-3T 

V10A-4T 


40 

70 

120 


30 

40 

50 


20 

35 


25 

45 

75 

14 

18 

23 


U 

15 

26 


2,2 

19 


5,5 

7,4 

9.2 


11  700 
13000 

13000 


4 80()j  1,2 
1.85 

2,46 


11000 

10000 


130 

150 

170 

190 


fP)Orajib  upoBojioniaN  | 
upywaiman  ponj\b- 
UBH  (rf^:0,6  mm) 
(i^'CTajib  npoaojioauaa 

HOpBajILUOH  npoi- 
IIUCTH 

'.Taak  npOBOJoaaaa 
Hoaumeuuoft  upos- 
HOCTM 

Crw  upoaoaouaa 
BliCOKOt  npOWOCTM 


Mfti 


<+i! 


11 


265 

170 

220 

265 


100 

130 

150 

170 


170 


2,8 

4,2 


10  800 
13  000 


28 

33 

37 

42 


58 

37.4 

48.5 

58 


20  000 
20  000 
20  000 
20000 


20000 
20  000 
20000 

20000 


3 700 
3 700 

3700 


4 200 


0,7 

1,0 

t,2 


0,65 

0,92 


8 000 
8000 
8000 
8000 


8000 

8000 

8000 

8000 


2.3 
2,6 
3,0 

3.3 


4,65 

2,95 

3.85 

4.85 


0,10 


0,068 


0,84 


1,08 


8,22 

8,22 

8,26 


0,071 

0,071 

0,071 


0,019 


0,2-0, 3 
0,2-0, 3 
0,2-0, 3 
0,2-0, 3 


0,84-1,1 


8,6 

8,6 

8.8 


2,3— 2,6 

0,2— 0,5  Ni;  npi- 
uecH  0,5  oct.  Cu. 


6^- 

67—70  Cu;  npuie- 
ca  0,3;  oct.  Zn. 
60,5—63,5  Cu; 
[iy>  upaueca  0,5 
oct.  Zn. 


3, 9-4,1 


0,48 


0,19—0,22 

1,19-0,22 

[0,19-0,22 

o,i*» — o^a 


8,8 

8,96 


7,85 

7,85 

7,85 

.7,85 


7.8 

7.8 
7.8 
7.8 


99,5  Cu 


0,6— 0,7  C; 
0,9— 1,2  Mn; 
0,17—0,37  Si; 
0,04  S;  0.04  P; 
0,3  Ni;  0,3  Cr. 


Key:  (1).  Material.  (2).  Brand.  (3).  Ultimate  tensile 

strength . ky/mm2.  (4).  Elastic  limit  <j0)  002,  kg/mm*.  (5) 

Endurance  limit.  (6).  With  curvature  kg/mm2.  (7).  With 

twisting  ■ ■ kg/mm2.  (8).  Modulus  of  elasticity  E,  kg/mm2. 

(9).  Modulus  of  shear  G,  kg/mm2.  (10).  The  specific 
resistance  p,  Q*mm2/m.  (11).  Thermal  conductivity 
W/cm*deg.  (12).  Density  y,  y/cm3.  (13).  The 


chemici  1 
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composition,  o/o.  (V4).  White  copper  tape/strip  solid.  (15). 

iapurity/a  dmixt  ure  ». the  east.  (16)*  White  copper 

extra-hard.  (17).  The  phosphor  bronze  tape/strip  is  solid. 

(18).  The  phosphor  bronze  extra-hard.  (19). 

Si  /icon  - tHjii  m fS  t SV/<  Ci 

Flirat-margangevist  a4  bronze  is  solid.  (20).  Silico-aa ngan ic 

extra-hard.  (21).  Aluminum  bronze  tape/strip  treated  with 
heat.  (22).  Aluminum  bronze  is  solid.  (23).  Beryllium  bronze 
tape/strip  is  soft.  (24).  Beryllium  bronze  is  solid.  (25). 
Beryllium  bronze  refined.  (26).  Brass  sheet  is  soft.  (27). 


Brass 

sheet  is 

solid. 

(28)  . 

Brass  sheet  extra-hard. 

(2  9)  . 

Copper 

sheet  is 

sof  t. 

(30)  . 

Copper 

sheet  is  solid. 

(31). 

Steel 

tap  e/str ip 

spring 

treated  with 

heat.  (32)  / 

ha  rd  ness. 

(33). 

Steel  wice 

spring  is 

piano  (d 

< 0.6  mm)  . 

( 341  . 

Steel 

wire  of  normal 

strength.  (35). 

Steel  wire 

of 

elevated 

strength.  (36)  . 

Steel 

wire 

of  high 

strength. 

Page  10B. 

Low-temperature  annealing  raises  the  endurance  limit  (for 
5«106  cycles)  of  the  solid  tape  of  white  copper  and 
tin-phosphorous  bronze  approxiaa tel y by  11-12o/o  and 
extra-hard  tape  by  JOo/o  (both  in  longitudinal  and  in 
transverse  directions).  In  this  case,  the  anisotropy  of 
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endurance  limit  is  retained. 


Endurance  limit  (for 

5 • 1 06 

cycles)  for 

the 

una 

nnea led 

springs  from  extra-hard 

tape. 

cut  out  across 

direct 

ion  of 

rolling,  is  approximately 

to  23o/o  more  than 

in 

th 

e 

specimen/samples,  cut  out. 

a long 

the  direction 

of 

ro 

lling 

ta  pe. 

Of  the  annealed  springs  the  anisotropy  of  endurance 
limit  less  is  approximately  13o/o. 

For  springs  of  the  solid  tape  (degree  of  reduction 
50o/o)  endurance  limit  (base  5»106  of  cycles)  of  transverse 
specimen/sam pies  more  than  in  longitudinal,  approximately  to 
11-12o/o  and  virtually  is  not  changed  after  lov-tem perature 
annealing. 

Between  the  endurance  limits  and  elasticities,  there  is 
definite  dependence  (correlation). 

Table^  3~  / gives  the  physical  and  mechanical  properties 


of  the 

different  metals. 

used 

for  the  production  of 

the 

contact 

and  return  springs 

of 

re  1 a y. 

In  this  table 

the 

endurance 

limits  are  given 

for 

t he 

heaviest  case 

va  tying 
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load  with  symmetrical  cycles.  For  nonferrous  alloys  arc 
given  the  endurance  limits  for  3«107-*i*107  cycles. 

3-2.  Flat  springs. 

From  the  theory  of  the  bending  or  the  elastic  beam, 

attached  by  one  end/lead  for  the  greatest  stress  in 
critical  section,  it  is  possible  to  write  the  following 

expression : 

. M FI 

= • t3-1* 

where  M is  the  bending  moment  in  this  section; 

W,  — the  moment  of  resistance  of  the  cross  section  of 
spring  of  relatively  neutral  z axis; 

F - load; 

the  length  of  spring. 

Moment  of  resistance  for  the  rectangular  cross  section 

‘ (S'2) 


0 
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From  eguation  (3-1)  we  find  expression  for  the  carrying 
capacity  of  flat  spring: 

P — *6  / oq\ 

Fm  — i 6 { * 

whence  for  the  thickness  of  spring  we  obtain  the  following 
formula: 


= V 
r 4*6 


(3-4.) 


The  value  of  allowable  stress  kb  for  extra-hard  white 

copper  or  the  phosphor  bronze  let  us  accept  equal  to  2300 
kgf/cm2;  then 


hVb  =0,0511  VPJ. 


b 

(3-4#) 
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Pig. 

3-3. 

Curved  of  the  dependences  of  product 

h V~  b 

full 

load 

at  the  different  length  of  springs 

(MNTs  15-20 

BrOF6. 

5-0. 

15). 

Key: 

(1)/ 

kgf  . 

on 


Page 


110 
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To  Fig.  3-3,  are  given  dependence  curves  of  product 
k y'i  (h  and  b are  expressed  in  mm)  from  the  value  of  the 

full  load  of  springs  frcm  extra-hard  white  copper  or  the 
phosphor  bronze  at  the  different  length  cf  springs, 
constructed  with  the  aid  of  formula  (3.4b). 


Amount  of  deflection  of  flat  spring,  according  to 
equation  (2-2)  , is  equal  to: 


V = 


Ft* 

a ej  ■ 


Substituting  in  this  expression  for  F and  j of  their 
value  from  equations  (3-3)  and  (2-46),  we  find  formula  for 
the  greatest  peraissible  sagging/def lection  of  flat  spring: 


Vm  * 


(3-5; 


If  are  assigned  length  and  the  greatest  spring  sag, 
then  from  equation  ( 3—5)  it  is  possible  to  obtain  formula 
for  determination  of  the  smallest  thickness  of  the  spring: 


2 


(3-6) 


n=TS^- 

The  width  of  spring,  if  is  known  its  thickness,  can 
be  found  from  equation  (3-4): 


Wi 


(3-7) 


m 
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The  rigidity  of  flat  spring,  according  to  equation 
(2-2)  , is  equal  to: 


whence 


_ F 3 EJ  Bhk* 

a - 7 “ T " SF’ 


• A' 

T"  W- 


(3-8) 


Let  us  substitute  into  this  expression  for  h its  value 
from  formula  (3-6);  we  will  obtain: 


±_£(2  **6\»  0 07.  «l 

A ~v[~3£^)  0,074 


(3-9) 


For  flat  springs  from  extra-hard  phosphor  bronze  (kb  = 23 
kg/mm2  and  E = 11000  kgf/mmz)  the  ratio  of  rigidity  to 

the  width  of  spring  will  be  equal  to: 


T“  £ “0,744  - 


(3-9a) 


If  load  is  expressed  in  grans  and  the  sise/di aensions 

of  springs  in  millimeters,  then 


f “7,44-10-«£. 


L 

(3-9*) 
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To  Fig.  3-4,  are  given  the  curves  of  the  dependences 

of  the  ratio  of  rigidity  to  the  width  of  flat  springs 
from  the  phosphor  bronze  on  the  length  of  springs  at  the 

different  values  of  the  greatest  permissible 

sagging/deflection  of  these  springs,  constructed  with  the  a 
of  formula  (3.9b) . 

For  providing  the  reliable  work,  the  great  stress  in 
the  critical  section  of  spring  must  be  the  less  allowable 
stress  with  bending. 
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Fig.  3-4.  Carved  of  the  dependences  of  the  ratio  of 
rigidity  to  the  width  of  flat  springs  on  the  length  of 
springs  at  the  different  values  of  the  greatest  permissible 
sagging/deflection  (BrOF6.  5-0.  15)  . 


l 


f 


l 


I 
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The  value  of  allowable  stress  depends  both  on  the 
■aterial,  the  construction  of  spring,  type  of  load  and 
nuaber  of  cycles  ahich  must  maintain  the  spring  during 
service  life. 


the 


To  avoid  residual  deformations  allowable  stress  Bust  not 
exceed  elastic  limit  for  the  material  of  spring.  for  steel 
limit  of  proportionality  is  approximately  equal  to  the  half 
cf  ultimate  strength. 


The 

construction 

of 

spring  - change  in 

the 

section. 

grooves. 

opening/ apertures. 

bendings  so  forth 

have 

g reat 

effect 

on  the  value 

of 

the  greatest  stress 

as  a 

result 

the  concentration  of  stresses  in  the  individual  sections  of 
the  section  of  spring. 

The  relation  of  ultimate  strength  to  allowable  stress 
is  called  the  safety  factor  (by  safety  factor). 

Kith  varying  load  with  the  large  nunfcer  of  cycles,  the 
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allowable  stress  must  be  lower  than  the  endurance  limit 
material  approximately  to  25o/o. 


The  value  of  the  safety  factor 
springs  of  relay  depending  on  their 
of  load  can  vary  within  the  range 


a for  the  contact 
construction  and  type 
of  2 to  5. 


3-3.  Springs  of  round  cross-sact ion 


(wire  springs) . 


Moment  of  resistance  for  the  round  cross-section 


(3-10| 


where  d is  a diameter  of  the  section  of  spring. 


The  carrying  capacity  of  wire  spring  with  the  bending 


where  the  length  of  spring. 


(3-11) 


Hence  for  the  diameter  of  the  wire  spring,  operating 
on  bending,  we  obtain  the  following  formula: 


■ • . (3-121 
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Maxima  spring  sag  of  the  round  cross-section 


JET 


JET  " °’®®7 


(3-13) 


He  hence  find  expression  for  determining  the  diameter 
of  the  spring  of  round  cross-section,  worker  to  bending,  if 
®re  assigned  length  and  spring  sag: 


d-  0,667^. 


(3-14) 


Page  113. 


3-4.  Helical  cylindrical  springs  of  extens: 


The  torsional  stress  in  the  aaterial  of  the  coil 


spring  of  the  round  cross-section 


. M t«/r 

where  a is  the  torsional  aoaent. 


• - aoaent  of  resistance. 


(3-15) 


r 


the  nenn  radius  of  the  turns  of  spring  end 
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d - the  diameter  of  the  wire  of  spriag- 

We  hence  find  formula  for  the  calculation  of  the 
diameter  of  the  wire  of  the  helical  cylindrical  spring: 

rf==  VlSfc  -M  \Z~F^.  (3-16) 

where  c,  - the  ratio  of  the  mean  diameter  of  tha  turns 

of  spring  D to  the  diameter  of  wire  d. 

In  the  rationally  completed  springs  value  c»  is  within 
the  limits  approximately  fros  5 to  10: 

= ^ = ® -5-4-10. 

The  greatest  permissible  load  of  the  helical 
cylindrical  spring. 


(3-17) 


of 


The  rigidity  of  helical  cylindrical  spring  is  the  ratio 
load  to  the  appropriate  elongation  of  the  spring: 


i 


F_ 
V ' 


I 

I 


t 

t 

! 
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The  turn  number  of  coil  spring  can  be  found 
equation  for  the  elongation  of  spring  (2-62),  if 
substitute  for  Fm  its  value  frou  the  last/latter 


from 

we 

expression: 


* 


G4*  ..  GW*  G4 

” t*r*Fm  ’ SI*  ^ fu\ ' 


(3-18) 


to  accept  the  length  of  lugs  for  the  attachment  of 
the  helical  cylindrical  spring  of  the  equal  to  the  diameter 
of  turns,  then  the  length  of  spring  approximately  can  be 
expressed  by  the  following  formula: 


L~nd  + y + 2(D  + d). 


(3-19) 


Page  114. 


3-5.  Sets  of  contact  springs. 


The  reliability  of  the  operation  of  relay  to  a 
considerable  degree  depends  on  the  stability  of  the  set 
(group)  of  contact  springs. 


Contact  springs  in  packet  must  be  solidly 


attached  and 
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not  be  displaced  during  mounting  (soldering),  also,  under 
operating  conditions  during  the  fluctuations  of  temperature 

and  humidity,  since  during  the  displacement  of  springs  their 

follow  of  relay  springs  and  pressure  intc  contacts  strongly 
change. 

Therefore  insulation  spacers  between  springs  are 
manufactured  from  the  durable  and  nonhygr cscopic  materials, 
unshrinkab  leta  at  considerable  pressures,  the  fluctuations  of 
temperature  and  humidity. 

The  separators  of  relay  usually  are  made  out  of 
high-quality  getinax  (brand  B,).  In  the  special  types  of 
relays  often  are  applied  the  separators  of  plastic  or 
fiberglass  laminate. 

For  the  relay,  working  with  high  humidity,  must  be 
applied  the  separators,  passed  vacuum  fcakelization. 

Before  the  assembly  of  separator,  it  is  necessary  to 
naintain/w ithstand  for  a day  at  temperature  of  65°C.  The 
sets  of  springs  must  be  collect/built  with  dry  separators 
and  braced  under  large  pressure  (600-1400  kgf)  for  providing 
the  stability  of  adjustment  for  a long  time  during  changes 
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in  the  temperature  and  humidity  [ 18-7], 

Separators  must  have  sufficiently  large  contact  surface 
so  that  the  specific  pressure  would  not  exceed  elastic 
limit  of  material. 

The  screw/propellers,  which  brace  contact  packets,  must 
be  made  of  high-grade  steel  with  permissible  tensile  stress 
not  less  than  70  kg/mm*. 

Tension  of  screw/propellers  is  selected  in  such  a way 
that  the  springs  with  assembly  reliably  would  be  held  in 

packet,  and  during  the  fluctuations  of  temperature  and 
humidity,  the  stress  in  the  material  of  screw/propeller 
outside  exceeded  elastic  limit.  The  value  of  tension  of 
screw/propellers  at  the  assembly  of  packets  must  accurately 
be  monitored. 

Electromagnetic  relays  usually  undergo  alternations  in 
the  humidity,  since  in  the  heated  locations  by  summer 

humidity  is  higher  than  in  winter.  Experimentally 
establish/ installed  that  6 days  of  the  stay  of  relay  at 

relative  humidity  90o/o  and  temperature  30°C  and  6 days  of 

the  stay  with  of  temperatures  60°C  are  equivalent  to  the 
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determination  of  relay  in  the  heated  location  during  one 
year. 

Carrying  out  the  measurements  of  the  parameters  of 
relay  after  several  such  cycles,  it  is  possible  to  obtain 
the  representation  of  the  stability  of  the  set  of  contact 
springs. 

Page  115. 


In  the  new  pressurized/sealed  types  cf  relay,  package 

type  contact  systems  are  not  applied.  For  providing  the 
high  stability  of  the  regulating  parameters  during  the  large 
fluctuations  of  the  temperature  of  surrounding  air  (from  -60 

to  ♦200°C)  the  contact  system  of  relay  is  comprised  from 

the  separate  springs,  scldered  directly  to  the  internal 
end/leads  of  the  metallic  leading-out  pins.  These  pins  are 
assembled  on  the  rigid  metallic  foundation  (base)  of  relay 
and  are  insulated  from  foundation  by  glass  insulating  beads. 


3-6.  Examples 
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a)  let  us  determine  the  thickness  of  the  springs  of 


contact 

group  to 

breaking  r 

of  relay  of 

the 

type 

RPN. 

Material 

of  sprin 

gs  extra-har 

d white  coppe 

r of 

bra 

n d 

KNTs 1 5-20. 

On 

the  basis 

of  endurance  liait,  it 

is 

selec 

ted 

allowabl< 

? stress 

on  bending 

k‘b  = 15  kg/ojm?. 

safety 

factor 

is 

equal  to  4.33. 

The 

force  Fc, 

applied  to 

the  upper  s 

pr  ing 

of 

grou  p. 

in 

running 

order  is 

equal  to  3 

6 g,  the  dis 

tance 

of 

the  point 

of  application  of 

force  from 

the  tearing 

edge 

of 

spring 

lc  = 61 

/I 

the  width 

of  spring 

b = 3.  5 in  m . 

The 

t hick  ness 

of  spring 

we  find  frou 

equation 

(3-4)  : 

if  6 - 0,036  - 61 

h-Vbkt°V  3,5-15  0,5  mm. 

The 

greatest 

per  aissible 

sagging/deflection 

for 

this 

spring  will  be: 


1 

„ 2 I*  *„ 

2 61* • 15 

3 -0,5. 12-10 

- =■  6,23  mm. 

b)  Let  us 

determine  the 

diamete  r 

of  the 

recurrent  coil 

spring  of  the 

armature 

of  relay 

wire  - steel 

carbonic  of  the 

normal 

strength 
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On  the  basis  of  endurance  limit,  we  take  permissible 
stress  on  torsion  = 23  kg/mm2.  The  safety  factor  is  equal 
to  7.4.  Module/m odulus  of  elasticity  with  displacement  G = 
8000  kg/mm2,  initial  tension  of  spring  is  equal  to  132  g# 
final  140  g. 


The 

elongati on 

of 

spring 

during 

the 

function 

0 f 

relay 

(during 

armature  travel) 

is  eq 

ua  1 to 

0. 

32  mm. 

The 

ratio  of 

the 

mean  di 

cmeter 

of 

the  turns 

of 

spring 

to  the 

wire  diameter  we  take 

equal 

tc 

10  (c,  = 

10) 

• 

Spring  constant 


t 


0,140-0,132  0,008 

0,32  “1U2 


= 0,025 


kgf/nm. 


The 
we  find 


diameter  of  the  wire  of  helical  cylindrical  spring 
from  equation  (3-16): 


i =.  1,6  = 1,8  Y --0  = 1.8  Vo, 061  — 0,4  MM 

The  mean  diaaeter  of  the  turns  of  the  spring 


0 = 10-0,4-4  mm. 
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The  turn  number  of  helical  cylindrical  spring 
eguall y 

m_Gi  8000  0,4 

8 ie*  8 • 0,025  • 10*  “ 10‘ 

Extension  of  spring  with  the  greatest  load 

„ _ _ 0,14 

Vm  i 0,025  ~ 5,6  MM' 


Length  of  spring  in  runnin9  order#  according 
(3-17)  , 

L = nd  + ym  + 2(Z>  + d)  = 16 • 0,4  + 5,6  + 2(4  + 0,4)  = 20,8  mm. 


must  be 


to  formula 
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Chapter  Four. 


CALCULATION  OF  MAGNETIC  CIRCUIT. 


4-1.  Characteristics  of  magnetic  materials. 


The  magnetic  materials,  used  for  the  production 
relay,  can  be  divided  into  two  basic  groups:  a) 
magnetically  soft,  that  possess  small  coercive  force 
high  magnetic  permeability  at  the  average  values  of 
intensity  (approximately  from  2 to  100  A/cm),  and  b) 
magnetically  hard,  which  possess  large  coercive  force 
considerable  magnetic  energy. 

«4  Magnetically  soft  materials. 


of 

and 

magnet ic 

a nd 


To  the  magnetically  soft  materials  are  related 


1 

1 


If’ 
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low-carbon  transformer  steel  of  brands  E,  EA,  EAA,  the 

qualitative  structural  carbon  steel  of  brands  05,  08,  10 

and  15,  silicide  alloy  steels  of  brands  El,  E2,  E 3,  E4, 

E46  and  E330,  nickel  alloys  with  high  permeability  in  weak 
fields  - Permalloy  and  cobalt  alloys  with  high  magnetic 
saturation  - Permendur. 

For  the  production  of  the  magnetic  circuits  of 
electromagnetic  relays,  usually  are  applied  low-carbon 
transformer  steels  of  brands  EA  and  E,  that  are 
characterized  by  the  very  low  content  of  the  undesirable 

impurity/admixtures:  carbon,  sulfurs,  phosphorus,  oxygen  and 
nitrogen  (C  0.04o/o;  S « 0.03o/o;  p « 0.025o/o;  02  « 

0. 05 o/o  and  of  N2  ^ 0.0035o/o). 

The  coercive  force  of  steels  of  these  two  brands  (in 
the  annealed  state)  is  within  the  limits  from  0.5  to  1.0 

A/cm,  and  maximum  magnetic  permeability  (relative)  oscillates 
within  limits  from  3500  to  5500. 

In  certain  cases  for  magnetic  circuit  electromagnetic 
relay,  are  applied  the  qualitative  structural  carbon  steel 
of  brands  05,  08  and  10,  which  have  coercive  force  from 
0.7  to  1.7  A/cm  and  maximum  permeability  2000-4000. 


( 
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Table  4-1.  Magnet ic- soft  aaterials. 
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Key:  (1).  Designation  of  material.  (2).  Brand.  (3).  Delaying 

(coercive  force)  A/cm.  (4).  Remanent  induction  ml. 


(5).  Saturation  induction of  ml.  (6).  Initial 

permeability  is  relative.  (7).  Maximum  permeability 

relative x 1000.  (8).  Induction  with  Bf  ml.  (9). 


Losses  to  hysteresis  during  saturation,  mJ/cm3/cycle.  (10). 
Specific  resistor/resistance  p»10~8,  Q*m.  (11).  Density  y, 

g/cm3.  (12).  The  chemical  composition  in  o/o.  (13).  it  is 

not  more.  (14).  Low-carbon  steel.  (15).  Carbonyl  iron.  (16). 
Electrolytic  iron,  melted  in  vacuum,  annealed.  (17).  Swedish 

steel  charcoal  annealed.  (18).  steel  low-carbon  electrical 
sheet  annealed.  (19).  The  same.  (20).  Bars  made  of 

transformer  steel  hot-rolled.  (21).  Steel  qualitative 
structural  annealed.  (22)  . Steel  qualitative  structural  not 
annealed.  (23).  The  same  annealed.  (24).  Cast  iron  ductile 

(American)  annealed.  (25).  Cast  iron  gray  alloyed  annealed. 
(26).  Cast  iron  gray  alloyed  not  annealed.  (27).  Silicon 

steel.  (28).  Steel  sheet  electrical  light-alloyed.  (29). 

Steel  sheet  electrical  medium-alloyed.  (30).  Steel  sheet 

electrical  raised-alloyed.  (31).  Steel  sheet  electrical 

high-alloy.  (32).  Steel  sheet  electrical  high-permeable.  (33). 
Steel  the  sheet  raised-alloyed  cold-rolled.  (34).  Silicon 
steel  (is  band  and  circular).  (35).  Ni-Fe  alloys.  (36). 

High-nickel  alloyed  Permalloy  mm).  (37).  Low-nickel 


k 


* 
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alloyed  Permalloy  (^0.2-1  mm).  (38).  Low-nickel  Permalloy 
(^0.35-2.5  mm).  (39).  Nickel.  (40).  Cobalt  alloys.  (4  1). 
Iron-cobalt  alloy.  (42).  Permendur.  (43).  Perminvar.  (44). 
Ferminvar.  (45).  Cobalt. 


Page  120. 

The  calculated  magnetic  permeability  of  relay  usually 
does  not  exceed  500;  therefore  the  application/use  of 
magnetic  materials  with  permeability  is  more  than  3000 
irrationally,  since  barely  it  affects  the  sensitivity  of 
relay. 

An  increase  in  the  coercive  force  of  steel  makes  the 
stability  of  the  parameters  of  relay  worse,  it  decreases 
the  ampere-turns  of  release/tempering,  increases  releasing 
time  and  can  lead  to  scaling  of  the  armature  of  relay 
with  light  loads. 

Machining  (work  hardening)  makes  the  magnetic  properties 
of  steel  worse,  raises  its  coercive  force  and  decreases  the 
permeability;  therefore  all  parts  of  magnetic  relay  circuit 
after  production  must  pass  heat  treatment  (annealing)  at 


. I 
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temperature  of  800-900°C  for  2-3  h with  the  subsequent  slow 

cooling  (decrease  in  temperature  of  approximately  60°C  in 
hour)  to  600°C. 

I 

For  a decrease  in  the  oxidation  with  annealing  the 

parts  must  be  packed  in  cases  and  poured  by  steel  filings. 

Page  121. 

The  best  results  gives  the  annealing  of  parts  in  special 

containers  in  vacuum  (5  mm  Hg)  at  temperature  of  920°C. 

The  annealing  of  steel  at  temperature  above  950°C  makes 

it  brittle. 

Low-carbon  transformer  steel  possesses  tendency  toward 
ageing,  especially  if  articles  after  annealing  rapidly  are 

cooled  in  air.  In  this  case  in  the  solution/opening  of 

iron,  can  be  retained  surplus  in  comparison  with  solubility 
at  20°C  quantity  of  carbon  and  nitrogen.  The  subsequent 


isolation/liberati on 

of 

carbides 

and 

nitrides 

from  ot-solution 

in  finely  dispersed 

form  causes 

an 

increase 

in  the  coercive 

force  approximately 

by 

50-80o/o 

and 

a decrease  in  the 

permeability  by  40o/o. 
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For  the  exception/elimination  of  aging  effect,  they 
began  necessary  to  produce  annealing  during  slow  cooling 
down  to  100- 300°C.  then  cementite,  being  isolated  at 
600-300°c,  it  manages  to  coagulate  into  large  inclusions 
affecting  magnetic  properties. 


is  small 
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materials.  1 - steel  low-carbon  is  electrical,  brand  E, 

annealed;  2 - steel  the  qualitative  structural  of  brand  10, 

annealed;  3 - steel  the  qualitative  structural  of  brand  20, 

annealed;  4 - steel  the  sheet  electrical  of  brand  E4;  5 

steel  electrical  cold-rolled,  brand  E-330  ; 6 - cast  iron 

ductile  American,  annealed;  7 - cast  iron  gray  alloyed  of 
brand  No  00,  annealed;  8 - cast  iron  of  brand  No  00, 

unannealed,  9 - high-nickel  Permalloy  (brands  79NN)  ; 10  - 

low-nickel  Permalloy  (brands  50N) ; 11  - lcw-nickel  Permalloy 

of  brand  50  NKhS;  12.  permendur. 
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Key:  (1).  Tesla.  (2).  A/cm. 
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Artificially  the  ageing  of  steel  can  be  reached  by 
heating  at  temperature  cf  100°C  for  600  h;  however,  in 
this  case  the  coercive  force  of  steel  considerably 
increases.  According  to  the  data  of  the  works  of  V.  S. 


Mes*  kin 

a nd 

R. 

I. 

Mishkevich 

the 

coercive 

force  of 

boiling 

annealed 

steel 

of 

bran  d 

EA 

after 

stabilization  for 

4 h at 

temperature 

of 

2 5 0-  3 00°C 

does 

not 

vi rtually 

increase 

[4-27]. 

Annealing  in  the  atmosphere  of  dry  hydrogen  decreases  aging 
effect  of  steel.  with  annealing  in  hydrogen,  the  maximum 
permeability  of  steel  increases  by  50o/o#  and  coercive  force 
decreases  approximately  two  times. 
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Fig.  4-2.  Curves  of  the  relative  magnetic  permeability  of 
the  magnetically  soft  materials.  1 - steel  the  low-carbon 

is  electrical  of  brand  E,  annealed;  2 - steel  the 


qualitative 

structural  of 

brand 

10, 

annealed;  3 

steel  the 

qualitative 

structural  of 

brand 

20, 

annealed;  4 

steel  the 

sheet  electrical  of  brand 

E4; 

5 - 

steel 

electr ica 1 

cold-rolled 

of  brand  E330; 

6 - 

cast 

iron 

duct ile 

American, 

annealed;  7 

cast  iron 

gray 

alloyed  of 

brand  No 

o 

o 

% 

an  nealed 


8 


cast  iron  of  brand  No  00 


not  annealed;  9 
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- high-nickel  Permalloy  (brands  79NM)  ; 10  - low-nickel 
Permalloy  (brands  50N);  11  - low-nickel  Permalloy,  brands 

NKhS;  12.  permendur. 

Key:  (1).  Tesla. 

Page  124. 

The  subsequent  ageing  of  steel  (annealed  in  hydrogen)  is 
led  to  an  increase  in  the  coercive  force  in  all  by 
15-20o/o  and  small  decrease  in  the  permeability. 

The  additive  of  silicon  decreases  the  effect  of  the 
ageing  of  steel,  with  the  content  of  silicon  of 
approximately  4o/o,  ageing  practical  is  absent. 

The  magnetic  and  electrical  characteristics  of 
magnetically  soft  materials  are  given  in  table  4.1. 

To  Figs.  4-1  and  4-2,  are  given  curve  magnetization 
also  of  magnetic  permeability  for  different  magnetically 
materials,  constructed  by  author. 


50 


soft 
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With  an 

inc 

rease  in  the 

temperature,  the  saturization 

magnetization 

of 

ferromagnetic 

materials  continuously  decreases 

and  reaches 

to 

zero,  at  the 

specific  temperature,  called 

Curie  point. 

For  icon  the  Curie  point  is  equal  tc  770°C,  for 
silicon  steel  690-740°C,  for  Permalloy  (50c  /o)  500°C,  for 

Permalloy  (79o/o)  550°C  and  for  permendur  980°C. 

To  Fig.  4-3,  are  given  the  curves  of  the  dependences 
of  magnetic  induction  in  iron  on  the  temperature  at  the 
different  values  of  the  strength  of  magnetizing  field. 


With  the  strength  of  magnetizing  fie 
1.6  A/cm,  the  induction  in  iron  first  g 
increase  in  the  temperature,  it  reaches 
temperature  of  300-600°C  and  further  shar 
zero  at  9 = 770°C.  With  the  strength  o 

approximately  16  A/cm,  the  induction  is 
in  the  range  of  temperatures  from  -200 
with  the  large  strengths  of  field  (800 
continuously  decreases  with  an  increase  i 


Id  of  approxim 
rcw/rises  with 
maximum  at 
ply  descends  t 
f field  of 
virtually  const 
to  ♦500°C,  whi 
A/cm)  induction 
n the  temperat 


ately 

an 


o 

ant 

le 

ure. 


Coercive 


force  and  remanent  induction 


of  iron  with 
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increase  of  temperature  decrease-  With  an  increase  in  the 
temperature  from  20  tc  400°C,  the  coercive  force  of  iron 
decreases  approximately  two  times. 

The  magnetic  circuits  of  the  relay  of  alternating 
current  often  are  manufactured  from  sheet  tranformer  steel 
with  the  thickness  0.  35-0.  50  mm,  which  is  characterized  by 
low  eddy  current  losses  and  hysteresis. 

The  eddy  currents,  which  appear  in  magnetic  circuit, 
gear  down  of  function  and  release/tempering  of 


rel  a y 
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Por  a decrease  in  the  retarding  action  of  eddy 
currents,  the  cores  of  high-speed  relays  are  manufactured 
from  silicon  steel  (3-4o/o  of  Si)  or  nickel  alloy  (45-50o/o 
of  HI),  which  have  large  saturation  induction  and  high 
resistivity.  For  the  magnetic  circuits  of  the  highly 
sensitive  electromagnetic  and  polar  relays. 


is  applied  the 
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alloyed  Permalloy  of  the  brand  79NM,  which  possesses  very 
small  coercive  force,  low  saturation  induction  and  high 
specific  resistor/resistance. 


For  the 
silicon  steel 
cr  Permalloy, 
of  low-carbon 


cores,  battery  supply  relays,  is  applied 
or  tubes  (plate)  from  sheet  tranformer 
arrange/located  on  the  surface  of  core 
steel. 


steel 

made 


Parts  of  Permalloy  after  machining  must  be  also 

annealed  in  vacuum  or  hydrogen  at  temperature  of  1100-1200°C 
for  3 h with  slow  cooling  (100°C  in  hour)  to  650°C  and 

with  the  subsequent  rapid  cooling  (100°C  from  s)  down  to 
temperature  below  300°C. 

The  permeability  of  magnetic  materials  in  weak  fields 
to  0.1-0.  2 A/cm  can  be  approximately  calculated  according  to 

the  following  formula: 

n-Mi  + UMff).  (4-i) 

where  — initial  permeability;  H - field  in  A/cm  and  p 
is  constant  for  this  material  (table  4-2). 


Hysteresis  losses  depend  on  the  value  of  magnetic 
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Sty 


induction  and  frequency  and  can  be  determined  in  the 
following  formula: 


Pr-Tf&V, 


(4-2) 


where  ij  — the  loss  factor,  Bm  — the  amplitude  of  magnetic 

induction  and  v - space  of  magnetic  circuit.  Value  **7  for 
steel  of  brands  E and  EA  is  equal  approximately  to  0.001. 


For  practical  calculations  of  hysteresis  losses,  usually 
is  applied  the  formula: 

(4-2*) 

where  r - specific  gravity/weight  and  o,  — the  coefficient 

whose  value  is  given  in  table  4-2.  For  inductions  above  1 
ml  of  hysteresis  loss  are  proportional  B2. 

Eddy  current  losses  for  sheet  steel  with  the  sinusoidal 
form  of  the  curve  of  flow  are  equal  to: 

<4-3) 


•here  4,—  the  factor  of  the  form  of  the  curve  of  flow;  p*  — 

tire  resistivity  of  steel  and  A - thickness  of  sheet. 


( 

I 


( 

(< 
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Key:  (1).  Designation  cf  material.  (2).  Brand.  (3). 

Thickness  of  sheet,  mm.  (4).  Magnetic  induction,  m (5). 

it  is  not  less.  (6).  Specific  losses,  W/kg,  with  f = 50 

Hz.  (7).  it  is  not  more.  (8).  Loss  factor.  (9).  Constant. 
(10).  Hot-rolled  steel.  (11).  Slightly  alloyed.  (12). 

Medium-alloyed.  (13).  Raised-alloy  ed.  (14).  High-alloyed 
(transformer).  (15).  Cold-rolled  textured  r aised-alloy ed . (16). 

Bith.  (17).  Hot-rolled  high-alloy.  (18).  Ccld-rolled 
grain-oriented  high-alloy. 
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In  practice  eddy  current  losses  during  a sinusoidal 

change  in  the  flow  are  conveniently  determined  from  the 

formula: 

(4-3*) 

The  value  of  coefficient  o,  is  given  in  table  4-2. 

During  the  computation  of  eddy  current  losses  in  thick 
sheets,  it  is  necessary  to  consider  the  effect  of  the 

displacement  of  flow  by  eddy  currents.  For  this,  sddj 
current  loss  it  is  necessary  to  multiply  by  coefficient 
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value  of  which  can  be  found  from  formula 


£8-1]: 


. _ _3_  thpx  — ^api 

• j>,‘  Chft  — UMPx  ’ 


Pi  = A 


(4-4) 


If  value  pt  is  more  than  three  (p,  > 3),  then 

coefficient  nusber  system  by  sufficient  accuracy  it  is 

possible  to  calculate  according  to  the  approximation  formula 

(4-4*) 

fc)  Magnetically  hard  materials. 

To  magnetically  hard  materials  are  related  quenched  on 
martensite  (ductile)  magnet  steels  being  deformed  - carbon, 

chromium,  tungsten  and  cobalt  steels:  inductile  a-alloy 
Alni(YuN),  Alnis(YuNK),  Alnico  and  Nagnico  (anko  4)  and 

ductile  a-  and  y-  alloys  - vicalloyr  iron-nickel-copper  and 
cobalt-nickel- cop per. 

Magnetically  hard  materials  possess  large  coercive  force 


from 

50 

to  650  A/cm 

and 

it  is  above;  they 

are  applied 

for 

the 

production  of 

the 

permanent  magnets 

in  the  polar 

relays,  the  bells  and  other  electromagnetic  mechanisms. 
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For  a polar  relay  and  bells,  are  applied  the  largely 
deformed  (ductile)  chromium  steel  of  the  brand  EKh  3 and 
inductile  aluminum-nickel  alloy  of  brand  ANZ. 

Magnets  made  of  chromium  steel  after  production  must 
pass  heat  treatment  - heating  to  850°C  during  10-15  min 
and  the  oil  quenching. 

Aluminum-nickel  steel  possesses  very  large  hardness  and 
brittleness  and  does  not  yield  to  machining;  therefore 
magnets  from  this  steel  are  usually  manufactured  with 
casting  with  following  polishing  of  working  surfaces. 

Recently  for  the  production  of  the  magnets  of  small 

size/dimensions  made  of  aluminum- nickel  steel,  begin  to  be 
applied  the  methods  of  ceramic  metal  (pressing  from  powder 
and  sintering  at  temperature  of  approximately  1300°C). 
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Table  4-3-  Magnetically  hard  materials  for  the  permanent 

■agnets. 
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Key: 

(1). 

Designation 

ct 

material.  ( 2)  . 

Brand. 

(3)  . 

De la  yi 

(coercive 

force)  f-fc  ) 

A/c  m. 

(4)  . Remanent 

induct 

ion  6 

' i 

by  m 

(5). 

Maxim 

urn  external 

ener 

9y  (&L 

J/m2. 

t 

(6). 

Optimum 

va  lue 

i n 

air  gap.  (7)  . m 

t.  (8)  . A/cm. 

(9). 

Voltage 

magnetizing 

field  H, 

A /cm. 

(10).  Density 

y,  g/cm3. 

(11). 

Over-all  payload  ratio  per  unit  of  useful  energy.  (12). 
Chenical  composition  in  o/o.  (13).  Ductile  materials.  (14). 
Carbon  steel.  (15).  Chromium  steel.  (16)-  Tungsten  steel. 
(17).  Cobalt  steel.  (IB).  Cast  materials.  (19).  Alloys  with 
normal  magnetic  energy.  (20).  Alni.  (21).  Alloys  with  the 

increased  magnetic  energy.  (22).  Alnico.  (23).  Anko.  (24). 

f 

Alloys  with  high  magnetic  energy.  (25).  The  materials  being 
deformed.  (26).  Vicalloy.  (27).  iron-nickel-copper  (cunife)  . 
(28).  cobalt-nickel-copper  (cunico)  . (29).  cobalt-platinum. 

(30).  Oxide.  (31).  Ferrite  of  barium  is  isotropic.  (32). 
Ferrite  of  barium  is  anisotropic. 
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Barium  ferrites  have  considerably  greater 
than  magnets  from  a luminum- nickel  alloys,  but 
coefficient  of  barium  ferrites  is  relatively 


coercive  force 
the  temperature 
great. 
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Hemanent. 

ind  uct ion 

of  barium 

ferrites  during  a 

tempe  rature 

decrease 

within  limits 

from  ♦ 150  to  -65°C 

decreases  by 

0.  2 o/o 

by 

each  °C. 

A deficiency/lack  of  barium  magnets  is  also  their  low 
mechanical  strength  (brittleness). 

The  magnetic  characteristics  of  the  magnetically  hard 
materials  are  given  in  Fig.  4-4  and  in  table  4-3. 

Fundamental  eguations  of  magnetic  relay  circuit. 


Magnetic  flux  along 

the  1 

engt 

h of 

the  magnetic  circuit 

of  relay  changes  as  a 

result 

of 

the 

presence  of  the 

leakage  fluxes  (escape). 

wh  ich 

a re 

closed  through  airspace. 

which  surrounds  core  and  body. 


The 

value  of  the  magnetic  flux. 

passing  through  the 

clearance 

of 

relay 

( usef  ul 

flow)  , as 

a result  of  the 

presence 

of 

leakage 

fluxes 

is  consid 

erably  lower  than  the 

flow  in 

base 

(frame 

wor k)  . 

DOC  = 78012406 


PAGE  ^£7 


of  magnetically  hard  materials.  1 - chromium  steel  of 

brand  E Kh  3 ; 2 - cobalt  steel  of  the  brand  Y$Kb3K15M; 

alloy  of  brand  YuND4  (AN3)  ; 4 - alloy  of  the  brand 

(ANK)  ; 5 - alLoy  of  the  brand  Y u NDK  1 5 (Anko  2)  ; 6 - 

alloy  of  the  brand  Yu  NDK24  (Anko  4). 

Key:  (1). 
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energy 
the 
3 - 

YuNK 


J/m  3 


(2.)  T, 


78012406 
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Let  us  find  the  law  of  magnetic  flux  distribution 

along  the  length  of  the  magnetic  circuit  of  relay,  depicted 
in  Fig-  4-  5a. 


Let  us  isolate  by  two  planes  ab  and  atblt 
Perpendicular  to  the  plane  of  drawing,  infinitesimal 
cell/element  of  magnetic  circuit  with  length  dx  at  a 
distance  of  x from  base.  Let  us  designate  the  flow, 
passing  through  plane  ab,  through  <DX;  then  through  plane 
atbj  it  will  pass  the  flow 

Ox  + ^dx. 

Consequently,  leakage  flow  from  cell/element  dx  is  equal 

to: 


On  the  other  hand, 

<*DX  - U^dx 


or 

(4-5) 

where  g is  permeance  of  leakage  fluxes  per  the  unit  of 
the  length  (1  n)  of  magnetic  circuit  a«d  Vm—  the 

magnetic  intensity  in  section  ab. 
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The  magnetic  intensity  in  plane  atb,  will  be  equal  to 


U^  + ^dx. 


Increment  in  the  magnetic  intensity  on  cell/element  d* 

= Um-(um  + %*dz)  = 

On  the  basis  of  second  Kirchhoff's  law,  it  is  possible  to 
wr ite; 


T dx—<DJim  dx  + HJut  « 0 


or 


m w. 

" dx  - tojtm  dx dx  — 0, 


where 

magnetic 


M = Iw  — magnetizing  force. 


the  reluctance  of  unit  of 
circuit; 


created  by  winding; 


length  (1  m)  of 


l — the  length  of  core  in  m. 
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a)  a a, 


— * -»i  i u.  igp-i 

i.  * -■  < — ^ 

Pig.  4-5.  Drawings  of  Magnetic  relay  circuits:  a-c  by 
external  hinged  armature;  b - with  suction  armature. 
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From  last/latter  expression  we  find: 


9U-_M  00 

a*  i 


Differentiating  equations  (4-5)  and  (4-6)  for  x and 
passing  from  partial  derivatives  to  common/general/total,  we 


obtain : 


-g-j£- 
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Substituting 

for  -jSZ  and 

IT 

their  value,  we  find: 

(4-7) 

and 

~~~UmKgRm  = 0. 

(4-8) 

The  general 

solution  of  equation 

(4-8)  takes  the  following 

form: 

£/**  = cx  ah  2 / gRm  + c*  ch  * V gRm, 

where  ct  and  c^t  integration  constant,. 

By  differentiating  the  last/latter  equation  for  x and 
talcing  into  account  (4-6),  we  find: 

Vifc  + «*  / gRm  ■ wh  * /fSi  - *— ®«*«. 

whence 

*V gRm  — C»  - wh  * /f?£.  (4-10) 

If  we  disregard  reluctance  R0  between  the  core  and  the 
franework  (base  of  relay),  then  with  x,  equal  to  zero. 
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From  equation  (4-9)  we  obtain  c2  = 0.  At  the  end/lead  of 

core  with  x equal  to  l,  the  aagnet  ic  intensity  will  be: 


where  <D,  — the  magnetic  flux,  which  emerges  from  the 
end/lead  of  the  core  (useful  flow) , in  cfc  and  B 


R.  - 


the  reluctance  of  clearance. 


After  substituting  into  equation  (4-9)  instead  of  (/*<  its 


value,  we  have: 


whence 


Q'R,  = c,«h  / VgRm, 


C,“  .h 


Substituting  in  equation  (4-9)  and  (4-10)  of  the  value  of 
integration  constants,  we  find: 


•h*KrJ5T 

*iVi 


(4-11) 


(4-12) 
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Flow  at  end  of  core 


with 


equal  to 


l,  will  be: 


®« — 


,/T  *lVtK 

V AiVUQ 


or 


Q>, 


M 

uij/iJf; 


Let  us  designate: 


»- 


un 


(4-13) 


Then  foraula  for  a flow 
following  fora: 

™.  + 4T- 


in clearance  will  take  the 

(4-14) 
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After  substituting  into  equation  (4-12)  instead  of  ®,  . its 
value,  we  obtain: 


* /»  /»  *•  /i*-  _ 

*. + **r  ‘ 

Iw  /**■+#*.  *.  /i^»  \ 

- w.  + fH,  ^ Dt  *«**Vr*«  /’ 


whence  we  find  expression  for  the  magnetic  flux  of  the 
relay: 


cfa«  /i^V) 
eh ' \rtK ) J 


(4-15) 


Por  practical  calculations  this  formula  can  be 
considerably  simplified.  Expanding  hyperbolic  functions  in 
infinite  series  and  disregarding  all  terms,  which  have  the 
degrees  higher  than  second,  we  obtain: 

+$<«•-* iH't1 +$<«•-* 4 
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3crV 


where 


a-4  , '■**- 

* 1 + ~J~- 


(4-13a) 


Flow  of  heel  with  x,  equal  tc  zero,  will  be: 

®*-T»£i*-('+!!£)-®.(‘+!E£)  («»w 

Por  a magnetic  circuit  with  suction  armature  (solenoid 
type.  Fig.  4-5b)  the  value  of  magnetic  flux  in  any  section 
along  the  length  of  movable  core  (plunger)  can  be 


determined  by  following  formula 


L4-4] 


+ ^'*t(2~4)]’  (4_16) 


l*p—  calculated  length  of  coil  - i,  — (*■  — W)  and 

diatanca  froa  the  end/lead  of  movable  cor*  to  the 
section  in  which  the  flow  has  great  value. 


Value 


.(d«  + ai+i 


(4-17) 
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In  this  formula  and  Gt — permeance  of  worker  and 

parasitic  of  air  gaps. 


When  * **  Igf  aagnet  ic  flux  in  movable  core  (armature) 
reaches  the  maximum: 


tab  the 
parasitic 


value  of  the  magnetic  flux,  passing  . through  the 
gap  between  movable  core  and  the  passage  collar 

4 (*-£)]■ 


In  any  section,  which  is  located  at  a distance  of  y 
from  the  end/lead  of  motionless  core  (ream/foot) 

= 0|[J  + (2  - f)J*  <4'18) 
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The  approximate  curve  of  magnetic  flux  distribution 

along  the  length  of  the  core  of  valve  type  relay  during 

R0#  equal  to  zero,  is  presented  in  Fig.  4-6.  For  tentative 

calculations  the  relationship/ratio  between  the  useful  and 

total  flux  of  relay  can  be  found  from  the  curves  of  Fig. 

4-7,  obtained  experimentally. 


/ 
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4.3.  Effect  of  the  reluctance  of  the  joint  of  core  with 
the  base  of  relay. 


The 

reluctance  of 

the 

joint  of  core 

with 

the 

base  of 

relay  (ho 

using,  framework) 

F0  usually  not 

is 

equal 

to  zero; 

in  this 

case  magnetic 

flux 

distribution  a 

long 

t he 

length  of 

core,  shown  in  Fig.  4-5,  has  another  character.  the  maximum 
of  flow  does  not  coincide  with  the  origin  of  coordinates 
and  it  is  shifted  a little  to  the  right. 

Let  us  transfer  the  origin  of  coordinates  into  point 
b,  at  which  the  magnetic  flux  of  relay  has  maximum  value. 
Then  the  magnetic  system  of  our  relay  can  be  will  be 
considered  as  system,  which  consists  of  two  separate, 
series-connected  magnetic  circuits  ab  and  be,  which  have 
ideal  joint  at  point  b with  the  reluctance,  equal  to  zero. 
Let  us  designate  the  length  of  the  core  of  the  right  side 
of  the  magnetic  relay  circuit  bj  ^ and  the 

resistor/resistance  of  clearance  Jt„  respectively  for  the  left 
side  of  the  magnetic  circuit  A and  i„. 
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Fig.  4-8.  Hagnetic  flux  distribution  alony  the  length  of 
core  of  relay  during  R0  = 0. 
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Por  the  calculation  of  each  of  these  magnetic  circuits,  it 
is  possible  to  use  the  given  above  formulas  (4-15)  , ( 4— 1 5 a) 


and 

(4-  15b)  . 

Distance  \ 

from 

the  end/lead  of 

t he 

core  to 

point  b 

let 

us  call/naee 

the 

calculated  length 

of 

magnetic 

circuit . 

> 
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If  we  disregard  reluctance  they  became,  then  magnetic 

flux  in  the  end/lead  of  the  core  it.  is  possible  to 
express  by  the  following  formula: 

a _ um 

- tst  " V ’ 


where  H - magnetic  intensity. 


Let  us  substitute  into  formula  (4-15a)  instead  of  O, 


its  value 


The  maximum  value  of  magnetic  fluxes  ^ and  <J>J)  in  the 
right  and  left  of  the  parts  of  the  Magnetic  circuits  will 
occur  at  the  point  of  "joint”  (point  b) : 


As  a result  of  the  continuity  of  a change  in  flow 
and  strength  of  field,  we  have: 

-<I>0  CUtuO  H'-H*. 


Equalizing  expressions  for  F'0  and  F"0#  we  obtain: 
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Taking  into  accoJTit  that  / *=  ix  we  obtain  after  the 

simple  transformations  of  formula  fcr  determining  the 
calculated  length,  of  the  core: 


, _ «.<V'+2) 

'•  2 (if, + /».  + *.  VO 


(4-19) 


and 


"»o  (*.**  + 2) 

2"(*,  + *0+*.V)  ‘ 


(4-19a) 


'Jn  these  formulas  is  not  taken  into  account  the  effect 
of  the  reluctance  of  steel  of  magnetic  circuit. 
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Thus,  with 

the  aid 

of 

is  possible  to 

perform 

the 

magnetic  relay 

circuits 

also 

of  the  joint  of  core 

with 

to  zero,  if  we 

instead 

of 

length  of  core 

(4-15),  ( 4- 1 5a)  and  (4-  1 5b)  it 

approximate  computations  of 
the  cases  when  the  reluctance 
base  (framework)  not  is  equal 
l substitute  the  calculated 


Examining  section  be  to 
equation  (4-15b)  instead  of 


insulation  substituting  in 
the  calculated  length  of 
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core  It  fro*  expression  (4-19),  we  obtain  for  determining 

the  saxiaua  value  of  the  flow: 

/ f<  . RW(H**1  2)  1 (4-20) 

(l  + -2-)  =<I)41  + *(*o  + *T  + ( ' 

From  section  ab,  it  is  possible  to  write  for  the  maximum 


flew: 


<D«.kc  = 4>0  (l  + **)  « 0>,  (l  + • (4-20a) 


whence  we  obtain  for  a flow  at  heel  (in  the  site  of  its 
joint  with  housing)  the  following  expression: 


U^  + 2 


(4-21) 


Precise  formulas  for  the  calculation  of  magnetic 
circuits  taking  into  account  resistance  of  the  joint  of 
core  with  the  base  of  relay  are  obtained  by  V.  I. 
Kovalenkov  on  the  base  of  the  theory  of  active  electrical 
network  L4- 1 ] : 

Mi*  + „ oov 


* + ^9^)  + ^.*. )’  (4'22) 

I1  * + ^(*0 +*,)  + <*,*.  V { ’ 

0.-^[^^^Anr-1.  («M> 


wl1 
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where 

Am  ms  eh  * VHfini  Cx  * 'y1'' • «h  * }/ gRm’t 

A = ch  / v gR*’  B — y/' -»b  / / gRm 

and 

C * y^-ih/  / gRm. 


These  formulas  for  practical  calculations  are  sufficiently 
complex-  If  we  expand  in  them  hyperbolic  functions  in 
infinite  series  and  to  disregard  all  terms,  which  have  the 
degrees  higher  than  second,  then  after  the  appropriate 
transformations  we  will  obtain  the  approximation  formulas  for 
the  calculation  of  magnetic  circuits  taking  into  account  the 
resistor/resistance  of  the  joint  of  cote  with  the  base  of 
relay. 

Page  138. 

Magnetic  flux  of  the  end/lead  of  the  core  (in 
interiron  space)  will  be  expressed  as  follows: 

A lw(Rjl  + 2) 


(4-23) 
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If  we  disregard  conductivity  for  leakage  fluxes  (g 
then 


Iu> 


lRm  + *0  + •*»  ’ 


(4-23a) 


if  we  disregard  reluctance  they  became,  then 

<«3W 


0). 


Flow  value  of  heel  of  the  relay 


Kti  + 2 J 


Jlrf/  + 2 • 


2 


(4-23  C j 


These  formulas  are  simple  and  give  sufficient  accuracy  for 
practical  calculations. 


Figures  4-9  gives  experimental  curved  magnetic  flux 
distributions  along  the  length  of  the  core  of  the  relay  of 
types  100  and  RKN.  From  these  curves  it  follows  that 
scattering  magnetic  flux  in  relay  of  the  type  RKN  due  to 
the  application/use  of  the  pole  pieces  is  considerably  less 
than  in  relay  of  type  100 


LI-14]. 
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4-4.  Account  of  the  reluctance  of  steel. 

Magnetic  resistance  of  unit  of  length  (i  n 
magnetic  circuit  Bm  t depends  on  the  permeability 
and  section  of  the  sections: 


) Of 

of  steel 


(4-24) 
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During  the  derivation  of  formulas  for  the  calculation 
of  magnetic  circuit,  value  Rm  was  accepted  by  constant,  but 
actually  as  a result  of  scattering  of  magnetic  flux  of 
induction  and  permeability  and,  consequently,  also  Rm  change 
along  the  length  of  the  core  and  housing  of  relay. 

Therefore  by  'should  accept  the  mean  reluctance  of  the 

unit  of  the  length  of  magnetic  circuit,  and  hearth  and 

1*11 — respect  iv el y average  values  of  magnetic  permeability  of 
steel  of  core  and  housing. 


With  the  absence  of  saturation,  a change  in  the 
permeability  barely  affects  the  value  of  useful  magnetic 
flux  in  interiron  space,  since  reluctance  of  interpiece  of 
space  many  times  is  more  the  resistor/resistance  of  steel 
of  magnetic  circuit.  Thus,  for  instance,  with  decrease  of 

magnetic  permeability  of  s^eel  from  30,000  to  2000  useful 
flow  in  relay  of  type  100  (with  a - 0.9  mm)  decreases  in 
all  by  5.9o/o. 


Therefore  during  the  calculation  of  the  unsaturated 
magnetic  circuits  when  induction  changes  approximately  within 
limits  from  0.35  to  1.3  m t,  the  value  of  average  magnetic 
permeability  it  is  possible  to  determine  with  the  average 
value  of  magnetic  flux. 


which  is  expressed  by  the  following 
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formula : 

+ "F")  (4  + “T~)'  (**25) 

For  determining  the  average  permeability  of  material 
during  large  inductions,  let  us  divide  magnetic  circuit 
along  the  length  into  n of  sections  and  let  us  designate 
the  average  magnetic  permeability  of  each  section 
respectively  |*lt  m.  »*»•  — .W 


The  reluctance  of  entire  magnetic  circuit  of  relay  will 

he  equal  to  the  sum  reluctances  of  the  individual  sections: 

21  = 21  21  21 
"Mi*.  "Mm  -+’  ,+"  "Mm 


or 


1 */«,*.  i * \ 

Mcp  = » li*t  + i*t  + '‘’  + m)' 


Fcp 

whence  we  obtain  formula  for  the  calculation  of  the 
tentative  value  of  the  average  permeability  of  the  magnetic 
circuit  of  the  relay: 


F» 


(4-26) 


Page  140. 
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For  determining  the  average  permeability  of  individual 

sections,  it  is  necessary  to  find  induction  in  several 
sections  along  the  length  cf  magnetic  circuit  and  from 
curve  (for  this  brand  they  stopped)  to  determine  the 

appropriate  values  of  permeability  hi  P»,  p„. ' The 

accuracy  of  calculation,  obviously,  vill  depend  on  a 
quantity  of  sections.  For  practical  calculations  sufficient 
to  determine  permeability  they  began  in  three-five  points. 

The  tentative  value  of  average  permeability  during  the 

precomputation  of  the  relays,  working  during  large 
inductions,  one  should  select  within  limits  approximately 
from  500  to  1500. 

With  the  aid  of  (4-26)  it  is  possible  to  check,  how 

diverges  average  permeability  from  the  accepted  during 
calculation  and  by  the  method  successive  diverging  of  to 
attain  a decrease  in  this  disagreement.  During  the 
calculation  of  a m pere- turns,  the  flows  are  assigned  and 
average  permeability  is  determined  without  translation.  The 
reluctance  of  armature  and  base  (framework)  of  relay  can  be 
considered,  adding  their  value  respectively  to  values  end 

Bq  . 
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4-5.  Determination  of  permeance  of  air  sections  of  magnetic 

circuit. 

Permeance  of  working  clearance,  i.e.,  air  gap  between 
core  and  armature  of  relay  (working  conductivity),  and  the 
conductivity  of  leakage  fluxes  (conductivity  of  leakage 
paths)  they  can  be  accurately  calculated  cnly  in  some  ideal 
cases.  in  the  majority  of  the  cases  tor  determining  these 
conductivities,  it  is  necessary  to  use  the  approximation  and 

empirical  formulas. 

dj)  conductivity  between  two  parallel  planes. 


If  the  distance  between  two  parallel  planes  is  small 

about  to  comparison  with  their  size/dimensions,  then  the 

lateral  scattering  of  lines  of  force  can  be  disregarded.  In 
this  case  permeance 

C-jN.  (4-27) 

where  s is  an  area  of  each  plane  in  n*  and 
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6 - the  distance  between  these  planes  in  m. 

In  the  ratio  of  the  section  of  pole  S to  distance  6, 
which  exceeds  0.1,  the  error  will  not  be  more  than  5o/o. 

This  formula  it  is  possible  to  use  for  determining  the 

conductivities  of  clearance  with  siall  gaps  (with  the 

pullled  armature)  and  conductivities  in  joints. 

Page  141. 

b)  conductivity  between  the  pole  of  core  and  armature. 

1.  permeance  between  pole  of  round  cross-section  and 
flat/plane  hinged  armature  (Fig-  4-10a)  can  be  determined  by 

formulas,  obtained  by  N.  K.  Gla'tsern  £4-10], 

He  assume  that  the  lines  of  force  are  directed  along 
circumference.  Conductivity  of  the  elementary  tube  between 
the  pole  of  core  and  the  armature,  turned  to  angle  a (in 
radians) : 
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where  r - a radius  of  the  pole  of  core, 

ct  - the  distance  between  centers  of  core  and  the 
rotational  axis  of  armature, 

y - the  width  of  elementary  tube, 

dx  - thickness  its  and 

x - the  distance  of  this  tube  from  the  rotational 
axis  of  armature. 

Conductivity  between  the  pole  of  round  cross-section  and 

the  araature 

*1 

- ? M*  -yTPw~ : ^ m(ct - //pi),  (4-28) 

where  R|  = ct  — r and  Bs  * ct  ♦ r,;  at  small  angles 
of  rotation,  can  be  counted 
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Fig.  4-10.  on  the  calculation  of  conductivities:  a)  between 
pole  of  round  cross-section  and  armature;  b)  between  pole 

of  rectangular  section  and  armature;  c)  between  cone-shaped 
surfaces. 
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Boundary  magnetic  fluxes  enter  armature  in  two  ways: 

the  fin/edge,  which  was  being  formed  between  lateral 
faces  of  pole  G,,  and  from  the  lateral  surface  of 
piece  G 2 . 


Permeance  of  boundary/edge  leakage  paths 
determined  to  approximately  following  by  the 


can  be 
formula  s: 


G,~jjrf!rfIr(n+2)+ Tctt*a]  = 

= 0,58m(5,14r  + 1,576), 

[ Y (t  + a)  (y  + R*  °)  J 


ft +0- 

Gt  = 2ap,  I 


(4-29) 

(4-30) 


where  a - width  of  the  free  end/lead  of  the  core 
(thickness  of  pole  piece). 

At  small  angles  of  rotation  expanding  square 

root  in  a series  and  disregarding  second-order  quantities, 
we  obtain: 

4 r 
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These  formulas  give  error  not  more  than  5-10o/o. 


General 

permeance  of  w 

orking  air 

gap  is  equal 

1 0: 

C*  = C + G,  + C*. 

(4-32) 

If  t he 

armature  of  relay  has  the  nonmagnetic 

plug 

(plate)  of 

loosening,  then 

the  value 

of  conductivit 

y of 

working  air 

gap,  depending 

on  course 

of  armature. 

will  be 

equal  to: 

(4-33) 

where  G^  — 

conductivity  of 

air  gap. 

formed  between 

ar  mature 

and  core  of 

relay  with  the  pullled 

armature. 

With  the  low  value  of  the  clearance 

• S M jC 

c.-j-m,  (4-34) 

where  a is  length  of  clearance  (distance  between  armature 
and  pole)  ; 


6 - the  course  of  armature; 


6 o - the  height/altitude  (thickness)  of  the  plug  of 


loosening 
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For  determining  common/gener  al/tot'al  permeance  of  the 
working  air  gap  of  valve  type,  relay  V.  V.  Vishniovskiy 
proposed  the  following  empirical  formula: 


/l  D 

” 0,00233*.  + 1,068c 


(4-35) 


where 


dn  — ■ the  diameter  of  the  pole  piece. 


This  formula  within  limits  ^ from  3 to  30  mm  gives 
error  not  more  than  2o/o. 


Coefficient  of  scattering  the  pole  piece 

c: 


L “6  _ C -j-  Cj  -f  C, 

C ~ G 


(4-36) 


2.  Conductivity  between  pole  of  rectangular  section  and 
hinged  armature  (relay  of  type  RPN)  (Fig.  4-10b)  can  be 
calculated  as  follows: 


where  b - width  of  pole. 


(4-37) 
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3.  Conductivity  between  cone-shaped  surfaces  (Fig-  4-10, 
c)  is  equal  to: 


G = M( 


( "* 

0,157 

\ 44  dn*  a. 

•in*  a, 

+ 0.751  (4-38) 


c)  Specific  cond uct ivit ies  for  flows 


or  scattering. 


Specific  conductivity  for  leakage  fluxes,  i.e., 
conductivity  of  escape  per  the  unit  of  length  (1m)  of  the 
magnetic  circuit  between  the  core  of  cylindrical  form  and 
the  in  parallel  arranged/located  flat/plane  housing  (Fig. 
4-11a),  it  is  possible  to  calculate  according  to  the 
formula: 

g — H*.  (4_39) 

core  in  m and  c - the  distance 
and  housing  in  m. 

Specific  leakage  conductance  between  two  in  parallel 
arranged/located  cylindrical  cores  (Fig.  4-11, b) 

*"  *» 


y V-f 
r 


where  r - a radius  of 
between  centers  of  core 


(4-40) 
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where  d is  a diameter  of  core  and  c - the  distance 
between  centers. 

Fage  144. 


Specific  leakage  conductance  of  the 
coil  is  surrounded  by  cylindrical  steel 


shielded  relay  whose 
jacket  (Fig.  4-11c), 


g=-^S“^o,  (4-41) 

In  — 
r 

where  R - an  inside  radius  of  jacket  (screen)  and  r is  a 
radius  of  core. 


Specific  leakage  conductance  between  the  average 
flat/plane  core  and  two  side-by-side  reverse  plates  of  the 
magnetic  circuit  of  w-shaped  form  (Fig.  4-1  Id) 


g = 


(4-42) 


where  h is  width  of  core,  b - its  thickness  and  c2 
the  distance  between  the  core  and  plates. 


The  given  abcve  expressions  can  be  utilized  also  for 
the  calculation  of  the  conductivities  of  relay  with  the 
core  of  rectangular  section,  if  we  substitute  for  h the 
diameter  of  the  equivalent  on  perimeter  section  of  circle. 
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d.)  Conductivity  for  leakage  fluxes. 


The  flow  value  of  scattering 
distributed  over  entire  length  of 
from  formula  (4-25);  we  have; 


(escape)  at  the 
core  winding  can 


3 


evenly 
be  found 


Fig-  4-11.  On  the  calculation  of  conductivities  of 
scattering:  a)  between  cylinder  and  parallel  plane;  b) 

between  two  cylinders;  c)  shielded  relay;  d)  between 
flat/plane  core  and  two  parallel  plates. 

Fage  145. 

Hence  we  find  for  the  given  conductivity  of  leakage  fluxes 
(escape)  : 

C7  = 7^  = y.  (4-43) 


Of  sone  types  of  relay,  the  winding  occupies  not  entire 
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length  of  core;  in  such  cases  the  conductivity  for  the 
leakage  fluxes  of  valve  type  relay  (Fig.  4-11a)  can  be 
determined  by  the  following  formula; 

r’y  = iY+g»l,  + gid,  (4-44) 

where 

Here  pj  and  p2  - the  perimeters  of  the  section  of 
core  and  housing*  C2  - the  distance  between  core  and 

housing,  /,  _ the  length  of  winding,  the  length  of 

the  free  end/lead  of  the  core,  not  occupied  with  winding, 

gt  - specific  conductivity  for  leakage  fluxes  along  the 
length  of  winding  and  g2  - the  same  for  the  free  end/lead 
of  the  core. 


Values 

g,  and  g2  depend 

on  values  d 

and  C2.  Figures 

4-12 

gives 

dependence  curves 

of  values  gt 

and  g2  from 

ratio 

D/d, 

where  D = c*  ♦ 

d.  If  the  magnetic  circuit  of 

relay 

has 

w-shaped  fora  (Fig. 

4-1  Id)  , then 

Gy  “*  2 + f(/|  -f  gy4)  • 

(4-44.) 

! 
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4-6.  The  reluctance  of  the  magnetic  circuit  of  relay. 

Figures  4-13  gives  the  equivalent  diagrams  of  the 
magnetic  relay  circuit  of  valve  type  with  circular  core. 

The  complete  reluctance  of  this  magnetic  relay  circuit  will 
te  equal  to: 

Ru  - + • (4_45) 

where 

Ko-j'.  M u r.J 
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Pig.  4-12.  Dependence  curves  of  values  g,  and  g2  fr&m 
ratio  D/d. 


Page  146. 

In  formulas  Rt — the  given  reluctance  of  the  leakage 

paths  (scattering)  of  nagnetic  flux;  /?,  is  coaaon  gap 
reluctance  of  relay  taking  into  account  the 
resistor/resistance  of  the  joint  of  armature  with  body; 
is  the  reluctance  of  working  air  gap,  which  depends  on  the 


course  of 

armature;  _ 

is  gap 

rel uctance. 

formed  between 

armature 

and  coce  with 

tightened 

armature. 

because  of 

the 

presence 

of  the  nonmagnetic  plug 

(plate) 

of  loosening; 

Re 
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is  the  reluctance  of  the  air  joint  of  body  with  armature 
of  the  rotational  axis  of  the  latter  (value  Rcr  we  consider 
not  depending  on  the  course  of  armature);  B0  is  the 
reluctance  of  joint  of  housing  with  cere  of  the  base  of 
the  latter  and  Rm  — the  average  reluctance  of  the  unit  of 
the  length  of  core  and  housing  of  relay. 


After  dividing  the  M.M.F.  of  winding  for  value  /i^,  it 
is  possible  to  find  the  great  value  of  magnetic  flu*  in 
the  core  of  relay. 


For 

determining  the 

amount 

of  flow 

of 

the  end/lead  of 

the  core 

(of  the  pole 

piece) 

necessary 

to 

divide  the 

M.M.F.  of  winding  into  equivalent  reluctance  rm t value  of 
which  can  be  easily  found  according  to  equivalent  diagram 
(Fig.  4-1 3a)  with  the  aid  of  the  Ohm  and  Kirchhoff  laws; 


= + + + (4-46) 


If  we  disregard  the  effect  of  leakage  fluxes  «■  oo),  that 
expression  for  the  reluctance  of  relay  circuit  will  take 
the  following  form: 


+ Hi  -(-  W*  “ + flu  (4-46*) 


where  Ra  is  a sum  of  the  reluctances 


of  the  cell/elements 
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of  t he 
pr  acti.ce 


maynetic  circuit  whose  value 

depend  on  the  coucse  of  the 


they  do 

araature 


“ IRm  + R*  +•  Aoi  + 7?| 


(4-47) 
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circuit  of  valve  type. 


Fage  147. 

The  reluctance  of  the  working  air  gap 

= G,  “ (4-48) 

is  cotton/gener al/total  aagnetic  resistance  of 
working  gap  taking  into  account  the  plug  of  loosening. 


If  we  disregard  reluctance  they  becane  core  and 
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housings  ~ ®)<  that 


complete  reluctance 


cf  relay  circuit 


, _ . *,("■+*«)  _ +J!A  _ + 

“ /?„  + ^ Wf  + 7fu  + + -Wn)  + A 


(4-45a) 


Formulas  for  determining  permeance  in  the  different  cases 
are  given  in  C4-4,  4-5,  4-6,  4-14,  4-15,  4-19,  4-22, 


4-28,  4-3  3 ]. 


4-7.  Inductance  of  relay. 


The 

value  of 

magnetic 

flux  along 

the 

length 

of 

t he 

magnet ic 

circuit  cf 

relay 

is  variable 

due 

to  the 

presence 

of  leakage  fluxes. 

If  we 

disregard  the 

reluctance 

of 

the 

joint  of  core  with  housing  (R0  = 0)  , then  flow  value  <j>b 
in  the  section,  distant  at  a distance  of  x fro*  the  base 
of  relay,  can  be  calculated  with  the  aid  of  (4-15).  On 
the  section  of  core  dx,  the  flow  <X>x  is  coupled  with 
nuaber  of  turns  ji*\  the  number  of  flux  linkages  on  this 
section  is  egual  to: 

rfY-O.ydx. 


DOC  - 78012406 


PAGE 


3^3 


Total  number  of  flux  linkages  of  the  relay 


- ®' t('  + 'k-'XviK')  - M’  +^(’-‘>] 


On  the  other  hand,  as  is  known,  the  value  of  static 
inductance  is  determined  from  the  relationship/ratio: 


▼ 

7 


Substituting  in  this  expression  for  O,  and  q of  their 
value  from  equations  (4-14)  and  (4-1«a),  we  obtain  formula 
for  the  static  inductance  of  relay  (during  steady-state 
coaditions/aode) : 

“ iA„  + ,Ft  (J  + Tr)  ” 3^  Jl*,)'  <4'49> 

where  K0 


the  given 


inductance  of  one  turn  in  H. 


r 
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Value  K0  is  given  permeance  o L the  relay: 

K*  = + V*.  I1  +^(9_1)]  = 3(Utm  +*,*,)  “ (4-50) 

In  this  formula  /?„  - the  given  reluctance: 


3 + fl,*i 


Disregarding  the  resistance  of  steel,  we  obtain: 


= wj}  + Rf)w'- 


(4-4‘ti.) 


If  we  consider  the  reluctance  of  the  joint  of  core 

with  housing  H0,  then 

_ (2  + yQ(3  + iVQU>«  _ 

U~  6 [(«*  '+ fl.V)  I + »(*.  + *.)]  * ( ’ 

Disregarding  conductivity  for  leakage  fluxes  (g  ^ 0)  , 


we  obtain: 


b*  ~ '**+*.  + *,  “ K'W'- 


(4-52a } 


Value  K0  depends  on  the  construction  of  relay, 
size/dimensions  of  clearance  and  magnetizing  ampere-turns, 


Determination  K0  from  the  given  above  formula  (4-50)  is 


simple,  but  it  requires  sufficiently  much  time:  therefore 

for  a standard  relay  to  considerably  conveniently  use 
experimental  materials. 
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Fig-  4-16.  Curves  K0  for  relay  of  type  RKN-1. 


Figures  4-14,  4-15,  4-16,  4-17  ana  4-18  give  the 
curves  of  dependences  K0  on  ampere-turns  for  the  relay  of 
types  RPN,  RKN,  RKM-1,  RKMP,  RMU,  RS-13,  RBS6,  etc.  with 
different  clearances,  obtained  experimentally.  The  measurements 
of  inductance  were  conducted  by  ballistic  method  by  the 
means  of  Maxwell's  bridge  by  direct  current- 

From  these  curves  it  follows  that  the  inductance  of  relay 
has  a maximum  approximately  within  limits  from  70  to  200 
am  pe re- turns. 
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Fig.  4-17.  curves  K0  for  re  ley.  1 type 
type  PMO;  3 - the  type  RDCG;  4 - the 

the  type  RESlO;  6 “ the  type  RES15;  7 


RKMP;  2 - 

type  RS-52; 
- the  type 


Key:  (1).  H.  (2)  . /IV. 


the 

5 - 

RPS20. 


Page 
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In  the  magnetizing  field 

of 

mere  than 

300  aapere-turns. 

the 

inductance 

barely  depends 

on 

the  value 

of  clearance. 

The 

inductance 

of  pulse  and 

test 

relays  of 

the  type  BKN 

is  considerably  less  than  the  inductance  of  normal  relays, 
the  inductance  of  pulse  relays  due  to  the  saturation  of 
the  neck  of  armature  in  practice  not  depending  on  the 
value  of  clearance. 

The  inductance  of  coils  without  steel  core  can  be 
determined  with  error  several  percentages  with  the  aid  of 
the  following  approximation  formulas:  a)  for  crossover  coils 

which  have  0 < D < p, 

L - 10,lw*Z>  10-*  &1;  (4-53) 

Kay:  (1).  H. 

b)  for  pancake  coils, 

L - 10, li +D  10-*  lW; 

Key:  (1).  H. 

where  D is  the  mean  diameter  of  coil  and  p - the 
perimeter  of  the  sectional  area  of  winding  in  cm. 


for  which  p < D < 3p, 

(4-54) 
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4-8.  Magnetic  energy  and  attracting  fo 


rce . 


For  the  case  of  the  switching  cn  of  magnet  winding  on 
direct/constant  voltage,  it  is  possible  tc  write  the 
following  equation: 


= 78012408 


PAGE  42^ 
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Pig.  4-18.  Curves  K0  for  relay.  1 - the  type  RES  14;  2 

type  RES8 ; 3 - the  type  RS-13;  4 - type  RES6 ; 5 - the 

type  RES22;  6 - type  PES9. 


Kay;  (1).  H.  (2).  AV * 


Page  152. 


After  multiplying  both  parts  of  the  equation  on  i,  it 

is  possible  the  total  energy  balance  of  electric  magnet  to 

present  in  the  fora 

I I V 

]uidt—]ivtdt=\idr, 

0 0 0 

i.e.  the  energy,  which  entered  from  grid/network  far  time 
minus  of  heat  losses,  is  converted  into  magnetic  energy  of 

the  electromagnet: 
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v 

W = $ idV. 


(4-55) 


Graphically  this  energy  is  expressed  by  the  area, 
limited  by  the  curve  of  flux  linkages  and  by  the  axis  of 
ordinates. 


Figures  4-19a,  shows  the  curves  of  the  dependences  of 
the  flux  linkages  of  electromagnet  on  current  with  unpulled 
6 1 and  pulled  62  positions  of  armature. 

A change  in  the  flux  linkages  during  the  motion  of 
armature  is  characterized  by  the  curve  ata2- 

Let  us  examine  the  energy  balance  in  electromagnet 
during  armature  travel. 

Magnetic  energy,  stored  up  in  system  at  the  beginning 
of  the  motion  of  armature, 

V 

Wt  — \ idw  — area,  Oa^. 

The  magnetic  energy,  obtained  by  the  system  for  the 
time  of  the  notion  of  armature, 

v. 

W,  - J id*  - axtcL  «i*t*i«r 

V| 

r 

*' 
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Fig.  4-19.  Curved  of  dependences  of  flux  linkages  of 
electromagnet  on  current. 

Page  153. 

The  magnetic  energy,  stored  up  (remaining)  in  system 

after  the  termination  of  the  notion  of  the  armature 

v, 

Wt  ■=  $ id'V  = 
o 

The  magnetic  energy,  expended  for  armature  travel,  is 
defined  as  difference  between  the  supplied  to  system  and 
that  which  is  remaining  after  the  termination  of  the  motion 

of  armature  by  the  magnetic  energy: 

Wm^Wl  + Wt-Wr  (4-56) 

Graphically  this  energy  is  expressed  by  shaded  area 
Oa | a ^ o . 


j 

/ 

• f * 

» ' 
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The  attracting  force  (thrust/rod)  of  the  armature  of 

electromagnet  and  torque  can  be  expressed  by  the  following 


formulas: 


„ dWu 

r db 


(4-57) 


u _ ’« 

*•  ~~3S  ' 


(4-57.) 


where  a is  an  angle  of  rotation  of  armature. 


Minus  siyn  indicates  that  the  work  is  conducted  because 
of  decrease  of  magnetic  energy  of  electromagnet. 


As  a result  of  nonlinearity  of  the  curves  of 
magnetization  of  relay,  the  attracting  force  can  be  agreed 
to  only  by  graphic  path.  However,  if  we  allow  that  the 
magnetic  character ist ics  of  relay  are  rectilinear  (p  = 
const)  and  the  current  strength  for  the  time  of  the  motion 
of  armature  does  not  change  (Fig.  4- 19b),  then  for 
attracting  force  it  is  possible  to  obtain  analytical 
expression.  Then 

W,  - j/*,  + /(▼,-▼,)-  |/T,  - \ 

In  the  cast  of  saall  scattering  ▼ — ©it;  we  obtain  the 
following  expression: 

^ I J 58"- 

Torque  of  arsature  (traction  torgwe/nose  nt) 


- 
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General  permeance  of  the  relay 

Q * _ *G" 

■ ' + ' *"srrf- 

where  G,  is  general  peraeance  of  working  air  gap,  which 


depends  on  the  angle  of  rotation  of  armature,  and  G„  - 
permeance  of  the  remaining  sections  of  the  magnetic  circuit 
of  relay  (core,  bodies,  bases,  armature,  joints  and  plug), 
which  does  not  depend  on  the  angle  of  rotation  of 

armature.  Consequently, 

* 26) dS1  (45S’ 

Then  torque  (traction  torque/moment) 

2 da  2 C)  da  * (4-58.1 1 

But  if  we  assume  that  for  the  time  of  the  motion  of 
armature  the  value  of  flux  linkages  does  not  change  and 
the  magnetic  characteristics  of  relay  are  rectilinear  (Fig. 

4- 19c),  then,  disregarding  scattering,  we  obtain: 

wu  = | vr  - 1 /,▼  -{*(/,-  /,)  = !*•(*«.  - Rut). 

In  this  case  the  attracting  force  will  be  expressed  by 
the  following  fornuia: 

p * "m 

the  torque  of  the  armature: 


and 


(4-59) 
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ci)  The  attracting  force  of  relay  with  the  pole  of  round 
cross-section  and  hinged  armature. 


m,  €>•  *** 

*•“  T •35’- 


(4-59a) 


General  permeance  of  worKing  air  gap  according  to 
formulas  (4-20),  (4-29)  and  (4-3o)  £4-10]: 

Cl /•  i /i  i . 


where 


K-C+C.+0,  . =£-£  + £ + «•, 
a"-3?  («i- 


*■ 


'B 


and 


f- 


coa*« 


Page  155. 


rfC,  = _ ^^*»(y  + *«tf«)+*,(|  + ll,t<,)| 
00-1  •}/  (T+*»**«)'(y +*.»*«)• 


In  the  particular  case,  when  it  is  possible  to 
disregard  the  affect  of  permeance  of  the  paths  of  the 
boundary/edge  and  lateral  flows  of  pole  and  conductivity  Ga, 
for  the  torque  of  the  armature  of  relay,  we  obtain: 

Substituting  for  IN*  their  value  <D»/G»,  we  find: 


— T «!  — 


(4-«0) 
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At  the  small  angles  of  rotation  of  armature,  it  is 
possible  to  count  a sc:  6/c,  ; then 


G =irMci  — Vc\  — r') 

5 = ^ »*•  (c«  ~ Vc’-r’). 


The  tightening  force,  applied  to  armature  (against  the 

center  of  core),  will  be  equal  to: 

^Am^v  - (4-60.) 

During  practical  calculations  by  the  effect  of  permeance 
of  the  paths  of  boundary/edge  and  lateral  flows  and 
conductivity  Ga  cannot  be  disregarded,  since  this  is  led  to 
large  errors. 


fa)  ~The  attracting  force  of  relay  with  th€  rectangular  cross 
section  of  pole  and  hinged  armature. 


If  we  disregard  the  effect  of  the  conductivity  of  the 
paths  of  the  boundary/edge  and  lateral  flows  of  pole,  and 
also  the  effect  of  conductivity  <?„,  for  the  torque  and 
attracting  force  we  will  obtain  the  following  approximations: 


(4-61) 

(4-eia) 


I, 


i 
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Virtually  these  formulas  also  give  large  errors. 

X a*ld-  Jr.  e Cl 


r s S C| 

C‘  = T»1«  ♦ = i^  = o- 


c.)  /Attracting  force  with  small  working  gaps. 


In  the  particular  case  when  the  value  of  working 
interiron  space  is  low  in  comparison  with  the  area  of  the 
pole  of  core  and  magnetic  circuit  is  not  saturated,  is 
possible  to  accept  according  to  formula  (4-27): 

Fage  156. 


In  this  case  from  (4-58)  we  obtain  for  attracting 

force  the  following  expressio": 

AW*G*S  AW*G‘S  AW*Gl 

F=  ~2Gl 2(Gn  + C,)*«*  ~ 2j *5  ' ^4'62' 

Total  Magnetic  conductivity,  if  we  disregard  the  effect  of 

leakage  fluxes,  will  be: 

r _ 1 1 

Substituting  in  expression  (4-62)  instead  of  G*  its 

value,  we  obtain: 

F = WjX.+Jtf  = 2j&  “ lMl*  (4‘b2o) 

Kith  the  tightened  arnature  /?,  = 0 the  attracting  force 
p _ AW*  ®Jo 


(4-626,1 
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The  relation  of  magnetic  flows  in  untightened  and 
tightened  positions  of  armature  is  equal  to: 


(4-62a)  insteal  of  <J> 

(4-63) 

ca,  flow  in  the 
H/m,  then 

(4-63.) 

r “ W~»CS(f]iB  + fy  “ F»  (4-636) 

Kay:  (1).  kgf. 

Page  157. 

If  we  consider  the  effect  of  leakage  fluxes  and 
disregard  aagnetic  resistor/resistance  of  steel  magnetic 
circuit  (Rm  — 0),  then,  according  to  the  equivalent  diagram  of 
magnetic  relay  circuit  (Fig.  4- 13b),  it  is  possible  to 


© *0  HStlm 

®*»  ^n  + ^ + * 


whence 


<5  = <D,o 


+ « • 


After  substituting  into  equation 

its  value,  we  obtain: 

* ?»o  (•*•"'■)*  * 0V«.)»  .... 

. W(V*n  + A)*  + W‘ 

If  we  express  size/diaensions  in 


p0  - 4 »•  10“ 7 

aw*  ©».io-» 


Maxwell  and  substitute 

fr 0,02«  AWfiO~>  u» . ur* 

f - «'4 ' - SEwra - 

kgf.  -«.0«10-TO„h 


or 


©Li  • 10"*  • S*BL 


S*R* 


(') 


write 
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whence 

After 

its  value. 


<*>.(*.  + * «)=<!»• 


*,(*«  + *«) 
*,  + *»  + *. 


_®»fy 

*,  + *,  + *„ 


substituting  into 
we  obtain: 


otn. 


*'+*+p7 

equation  (4-62a) 


instead  of  (D  = <D# 


or 


r. 

WnVfai +*,)+«]* 

r <*>«■***;  ‘ o-» 

8*  • 981  • 5 [5  ( H„  + Rg)  + ij* 


[«] 

l*n 


(4-64) 

(4-64a) 


Below  in  § 4-12,  it  is  shown,  that  the  work  of 

electromagnet  reaches  the  greatest  value  when  Rt  = R„. 


Consequently,  in  the  case  of  the  optimum 
relationship/ratio  of  the  reluctances  of  the  individual 
sections  of  magnetic  circuit  formula  for  attracting  force 
will  take  the  following  form: 

p _ AW*  AW*S  , . 

Fcm  8&lf*  = Ijr  t4*  I"]  (4-65) 

or 

F„„=l,6  10-*^-*l,6.10“*-^-  [«T].  (4-65.) 

For  the  calculation  of  the  attracting  force  of  relay 
with  relatively  larger  clearances,  it  is  possible  to  use 
also  formula  (4-62b)  , if  we  introduce  the  empirical 
correction  factor  of  a,  which  considers  the  nonuniformity  of 
flow  distribution  in  clearance  and  the  effect  of  the 


Experimental  investigations  shoved  that  for  relay  with 
circular  core  coefficient  a was  equal  to  example  5 and  its 
value  can  be  considered  depending  cn  induction  (when 
saturation),  the  size/dimensions  of  core  and  value  of 
clearance  are  absent,. 
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Fig.  4-2 1 


Pig.  4-20.  The  full-load  saturation  curves  of  relay  of  the 
type  BKN;  solid  lines  - with  the  pole  piece;  broken 
without  the  pole  piece  (a/b  = 0.93). 


>y:  (1)  • 9.  (2)  . /f  1/  - 


Fig.  4-21.  Full-load  saturation  curves  of  relay  of  type 

/9K/V7-/. 
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Page  159. 

For  relay  with  flat  core  of  the  type  FPN  coefficient  a 
depends  on  the  course  of  armature;  at  clearance  0.  9-1.3  mm, 
the  value  of  coefficient  a is  approximately  equal  to  3.9. 


4-9.  Load  and  electromechanical  (tracticn)  charaot  ristics. 


full-load  saturation  curves. 


The  relationship  between  attracting  force  of  the 
armature  of  relay  and  ampere-turns  at  the  constant  value  of 
interiron  space  is  called  load  characteristic.  In  the 


particular  case. 

if 

we  disregard 

saturation 

of  steel  of 

magnetic  circuit 

and 

the  effect 

of  leakage 

fluxes. 

attracting  force,  according  to  formula  (4-65a),  will  be 
equal  to: 

F-  1,6  10*  *g!s. 

Consequently,  with  the  relatively  low  value  of  claaraaca 
and  the  optimum  relationship/ratio  of  reluctaacas  Jtm  and  B, 

attracting  force  at  the  constant  value  6 is  proportional  to 

the  square  of  ampere-turns. 
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Depending  on  value  and  shape  of  surface  of  pole  and 
armature,  the  law  of  a change  in  the  conductivity  of 
clearance  during  armature  travel  can  change  its  character. 

The  respectively  full-load  saturation  curves  of  relay  can 
have  the  most  diverse  form. 

In  Fig.  4-20,  4-21,  4-22,  4-23  and  4-24  are  provided 

load  char acter ist ics  of  some  types  of  electromagnetic  relays, 
used  in  equipment  for  automation  and  communication.  From 
these  characteristics  it  follows  that  for  producing  of  a 
comparatively  small  attracting  force  10  g with  a small 
clearance  0.2  mm  is  necessary  the  sufficiently  significant 
magnitude  M.M.F.  - about  30 

Comparative  full-load  saturation  curves  of  these  types 
cf  relay  are  shown  in  Fig.  1-24. 
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Pig-  4-22-  Pull-load  saturation  curves  of  relay  of  type 

BS-13;  solid  lines  - without  pole  piece;  broken  - with 
pole  piece. 
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Fig.  4-23.  Load  characteristics  of  relay  cf  the  type  R 
(a/b  = 1.2  5). 


Key:  (1).  g-  (2).  /tV. 


Fig.  4-24.  Full-load  saturation  curves  of  relay  of  type 
BES10  (a/b  = 0.83). 


Key:  (1).  g.  (2).  fr/ ■ 
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fo')  Electromechanical  (traction)  characteristics. 


The 

dependence  of 

the 

attracting  force  of 

armature  on 

the 

value 

of 

clearance 

at 

constant  ampere-turns 

is  called 

the 

electromechanical  or 

thrust  characteristics 

of  relay. 

From 

formula 

(4-65)  it 

follows  that  when  the 

effect  of 

saturation 

is 

absent,  they 

stopped  and  to  the 

rela  ti ve 1 y 

low 

value 

of 

cleara  nee 

of 

attracting  force  at 

cons  tant 

am  ps- 

• t urns 

it 

is  possible 

to  count  the  inversely 

proportional  to  square  value  of  interpiece  space.  By 
changing  value  and  the  pole-piece  configuration  and  armature, 
it  is  possible  to  strongly  change  electromechanical 
characteristic.  Pigures  4-25  shows  the  family  of  the 
electromechanical  characteristics  of  relays  of  the  type  RKN, 
obtained  at  the  different  values  of  ampere-turns.  Dotted 
line  in  Fig.  4-25  plotted/applied  the  mechanical 
characteristic  this  same  of  the  relay,  loaded  by  two 
contact  groups. 
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Fig.  4-25.  Electromechanical  characteristics  of  relay  of  the 
type  RKN. 


Key:  (1).  g. 
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If  v«  increase  aapere-turns,  then  at  soae  of  their  value 
jUr^the  value  of  thrusts  will  becone  equal  mechanical  (in 
point  a),  and  with  a further  increase  in  the  aapere-turns. 
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the 

armat  ure 

of 

relay 

will 

the 

ampere-turns 

AW„ 

is 

contac  t/star t 

of 

rel  ay 

w ith 

begi  n 

to 

move.  This  value 

of 

called 

the 

ampere-turns  of 

the 

act ivat ion. 


Belay  will  actuate/operate  completely  cnly  when  the 
attracting  force  of  armature  in  all  way  of  its 
displacement/movement  will  be  more  than  controlling  force  of 
mechanical  load.  Therefore  the  electromechanical 
characteristic,  corresponding  to  the  ampere-turns  of 
activation  of  relay,  must  lie/rest  higher  than  mechanical 
characteristic  of  this  relay-  From  Fig.  4-25  it  follows 
that  the  ampere-turns  of  function  (attraction)  of  relay  ate 
determined  not  by  the  initial  or  final  lead  of  armature, 
but  by  a large  part  of  the  intermediate  load,  corresponding 
to  the  projections  of  mechanical  characteristic.  The  point 
of  contact  of  tangency  b of  the  mechanical  and 
electromechanical  characteristics  of  relay  is  called  critical 
point,  and  the  corresponding  to  it  ampere-turns  AW^  are 
called  of  critical  ampere-turns  or  ampere-turns  of  function. 


In  certain  cases  critical  point  can  coincide  with  point 
a of  mechanical  cha racteristic. 
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For  decrease  of  the  ampere-turns  of  function  and 

weakening  of  the  impact  of  armature  against  core  desirable 

to  match  between  themselves  the  mechanical  and 

electromechanical  characteristics  of  relay  (i.e.  the  angles 
of  the  slope  of  these  characteristics  and  their  ordinate 

must  be  as  far  as  possible  approximated  to  each  other). 

For  the  start  (cont act/start)  of  the  armature  of  relay 
with  release/tempering,  it  is  necessary  to  decrease  the 
ampere-turns  down  to  value  AWip  (ampere-turns  of 
contact/star t with  release),  with  which  electromechanical 
(traction)  character ist ic  is  passed  through  the  end  point  c 
of  mechanical  characteristic. 

i 

To  initial  position  the  araatute  cf  relay  will  return 
at  the  value  of  ampere-turns  AWm T,  ty  which 

electromechanical  characteristic  concerns  the  second  critical 
point  a of  aechanical  characteristic.  This  value  of 
ampere-turns  AWm  is  called  the  ampere-turns  of  the 
release/tempering  of  relay. 

The  thrust  characteristics  of  the  different  types  of 

are  given  in  Fig. 


electronag  net ic 


relays  at  power 


0.  2 W 
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4-10.  Empirical  formulas  for  an  attracting  force. 

a.)  Attracting  force  on  the  straight  portion  of  load 
characterist ic. 


The 

calcu lat 

of  relay 

by  ana 

magnet ic 

flux 

di 

working  a 

ir 

gap. 

of  magnet 

ic  resi 

ext re  mel y 

complex 

ion  of  the  attracting  f 
lytical  method  taking  in 
stribution  in  magnetic  c 
and  also  taking  into 
stance  of  steel  of  magn 
and  requires  too  much 


orce  of  the 
to  account 
ircuit  and 
account  the 
etic  circuit 
t ime. 


armature 

real 

in 

ef f ect 
is 


Page  16  3. 


Therefore  lower  on  the  base  of  the  study  of  the 
experimental  full-load  saturation  curves  of  large  quantity  of 
the  specimen/samples  of  the  relay  of  different 
size/dimensions  are  derive/concluded  the  approximation 
empirical  formulas  for  the  engineering  calculations  of 

attracting  force,  which  make  it  possible  to  consider  the 
effect  of  diameter  and  length  of  core. 
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Valve  type  relay. 


For  the  execution  of  this 

work,  were 

made 

17 

specimen/samples  of 

the  magnetic 

systems  of 

valve 

t ype  relay 

with  the  different 

cores,  having 

diameters 

3;  4, 

5;  6;  8; 

9;  10;  13  and  14 

mm  length  22 

, 35  and 

76  mm. 

and  also 

six  the  magnetic  systems,  having  cores  as  diameter  3;  4, 

5;  6;  8 mm  with  the  pole  pieces  by  diameter  7;  8;  9 and 

12  mm . 

For  the  production 

were  used  the  magnetic 
of  type  100  (with  the 

plugs,  pressed  into  the 

In  these  specimen/samples  of  the  magnetic  systems  of 


relay,  they  were 

obtained  experimentally 

of 

the 

dep  en  de  nee 

of  the  attracting 

force  of  armature  on 

t he 

magneti zing 

ampere-turns  (full- 

load  saturation 

cur  ve) 

wit  h 

the 

d if ferent 

values  of  working 

1.5  mm) . 

air  gap  (0.3; 

0.5;  0. 

7; 

0.9; 

1.2  a nd 

of  these  spec iraen/sa mples 

of 

re  la  y , 

systems  and 

the  armature 

of 

relay 

suspension  of 

armature  on 

two  bronze 

end  surface 

of  housing) 

£1-14]. 
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Z.oad  was  suspended  to  the  bridge  of  armature;  the 
relation  of  the  arms  of  bridge  and  armature  was  equal  to 


Full-load  saturation  curves  for  all  tested 
specimen/samples  of  magnetic  systems  here  is  not  possible  to 

give,  since  them  very  there  are  many.  Therefore  Fig.  “-26, 
4-27  and  4-28  give  the  families  of  full-load  saturation 
curves  only  for  three  specimen/samples  of  the  relays,  which 
have  cores  as  diameter  3;  4.5  and  8 mm  by  dyne, 
correspondingly,  22,  35  and  76  mm,  but  in  Fig.  4-29,  4-30 

and  4-31  dependences  of  the  attracting  force  of  armature  on 

the  magnetizing  ampere-turns  for  relay  with  different 
diameters  and  the  length  of  cores  with  the  value  of 
working  air  gap  0.9  mm.  The  full-load  saturation  curves  of 
the  specimen/samples  of  the  relays,  which  have  core  with 
the  pole  pieces,  are  constructed  by  dotted  lines.  The 
size/d imensions  of  these  cores  are  designated  in  fraction; 

ia  numerator  is  given  the  diameter  of  core,  and  in 
tenoainator  - a diameter  of  the  pole  piece. 


1 


From  the  provided  characteristics  it  follows  that  the 
curves  of  the  dependences  of  attracting  force  on  magnetizing 
ampere- turns  (on  logarithmic  scale)  on  the  calculated  working 
section  of  characteristic  are  the  virtually  direct/straight 
parallel  lines  which  during  the  appearance  of  saturation  of 
steel  of  magnetic  circuit  begin  to  be  bent. 

The  greatest  calculated  attracting  force  of  the  armature 
of  relay,  i.e.,  the  limiting  value  of  the  attracting  force 
with  increase  in  which  the  full-load  saturation  curve  begins 
to  be  bent,  depends  on  the  diameter  of  core  and  length  of 
working  air  gap. 
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Fig.  4-31.  Curves  of  dependences  of  attracting  force  on 
magnetizing  ampere-turns  with  £ = 76  mm  and  a = 0.9  mm. 

i — ■ 4,1  MM;  $ — 4e  -•  • MM;  $ — 4C  — • JUi;  4-^  • 

— 10  jwjM;  I — rfr  — 19  mm;  n — 4frn  — 4.5  ^ «mi;  f — - «#rn  — 

>1  tit  .»*  1* 


Key:  (1)  g;  (2)  AV. 
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The  length  of  the  rectilinear  calculated  section  of  the 
full-load  saturation  curve  of  relay  decreases  with  increase 
of  working  clearance  and  with  decrease  of  the  diameter  of 
core. 

ttab  the  diameter  of  the  pole  piece  in  practice  barely 
affects  the  length  of  the  straight  portion  of  full-load 
saturation  curve. 


Thus,  the  application/use  of  the  pole  piece  causes  a 
decrease  in  the  ampere-turns  of  function,  other  conditions 


being  equal. 

but  it  does  not 

increase 

the 

ultimate 

load  of 

relay.  On  the 

contrary,  the 

length  of 

the 

straight 

portion 

of  full-load 

saturation  curve 

of  relay 

with 

the  pole 

piece 

a little  decreases  in  comparison  with  the  relay,  which  do 
not  have  the  pole  piece  with  the  equal  diameters  of  core 
and  equal  working  air  gaps. 
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Figures  4-32  gives  the  full-load  saturation 
the  specimen/samples  of  the  magnetic  systems  of 
which  have  the  cores  of  identical  diameter  (8 
different  length  (22,  35  and  76  mm)  with  a = 


curves  of 
the  relays, 
mm) , but 
0.9  mm. 


From  these  characteristics  it  follows  that  with  an 


increase 

in 

the  length 

of  core  greatest  design  load  of 

relay,  other 

conditions 

bei  ng 

equal , 

decreases. 

Is  explained 

this  to 

the 

fact  that 

wit  h 

increase 

of  the 

length  of  core 

the  value 

of 

useful  magnetic 

flux  in 

working 

air  gap 

decreases 

as 

a result 

of  increase  of 

leakage 

fluxes  between 

the  core 

and 

the  body. 

Analyzing  the  load  characteristics  of  the 
specimen/samples  of  the  magnetic  systems  cf  relay  (Figs. 

4-26,  4-27  ...»  4-32),  we  see  that  the  dependence  of  the 
attracting  force  of  armature  on  magnetizing  ampere-turns  of 
all  tested  specimen/samples  of  relay  on  the  calculated 
working  section  of  each  curve  is  virtually  straight  line  in 
logarithmic;  scale.  consequently,  the  calculated  (working) 
section  of  the  full-load  saturation  curve  of  relay  can  be 
approximated  by  the  approximation  formula: 
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F~FM'AW\  (4-67) 

where  F^  is  the  attracting  force,  which  would  have  the 
relay  in  the  magnetizing  field,  equal  to  one  ampere-turn# 
if  the  initial  section  of  characteristic  was  straight-line 
from  value  AM  = 1 fy\/,  and  a - a slope  tangent  of  the 
straight  portion  of  full-load  saturation  curve  to  the  axis 
of  abscissas. 


The  values  of  quantity  a of  the  specimen/samples  of 
the  magnetic  systems  of  relay  with  the  cores  of  different 
size/dimensions  it  oscillates  within  small  limits, 
approximately  from  1.9  to  2.2. 


For  simplification  in  the  conclusion/derivations,  let  us 
accept  for  all  tested  specimen/samples  of  relay  value  a 
equal  to  two  (a  = 2). 

Page  168. 


In  this  case  for  determination  graphically  from  Fig. 
4-26,  4-27:,  4-32  values  F+ i for  each  full-load  saturation 

curve  it  is  necessary  through  the  middle  rectilinear  working 
section  of  this  characteristic  to  draw  straight  line  at  an 
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angle  63°30*  (a  = 2)  to  the  axis  of  abscissas  and  to 

prolong  this  direct/straight  to  its  intersection  with  axis 

of  ordinates,  beginning  with  AW  = 1 ft\/  (for  this  purpose 
it  is  necessary  to  prolong  down  and  to  the  left 
logarithmic  grid  on  which  are  constructed  full-load 
saturation  curves).  In  connection  with  the  fact  that  along 
the  axis  of  the  ordinates  of  full-load  saturation  curves 
for  all  tested  specimen/samples  of  relay  are 
deposit/postponed  the  values  of  the  loads,  applied  to  the 
long  arm  of  bridge,  it  is  necessary  the  values  of 

quantities  F to  multiply  by  1.42  (since  the  relation  of 
the  arms  of  bridge  and  of  armature  it  is  equal  to  1.42). 


The  values 
specimen/samples 
given  in  table 


of  guantities  FM,  for  all  tested 

of  the  relays,  obtained  graphically,  are 

4-4. 


On  by  the  datum 
constructed  dependence 


of  table  4-4  Na  Bis.  4-33  ire 
curves  of  values  F^  from  the  value 
te sted 


of  clearance  for  all 


specimen/samples  of 


rel  ay 
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Fig-  4-32.  Carved  of  the  dependences  of  attracting  force  on 
the  magnetizing  ampere-turns  with  wc  = « mir  and  a = 0.9 
mm. 

J — I — X2  MM;  t — I «•  II  mm;  S — I — 7t  mm. 

Key:  (1).  g.  (2).^/. 

Page  169, 

From  the  curves  of  Fig.  4-33,  it  follows  that  within 
the  limits  of  changes  of  value  « from  0.3  to  1.2-1. 5 mm 


PAGE 
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dependence  curves  of  value  F ^ from  a in  logarithmic  scale 
for  the  different  specimen/samples  of  relay  in  practice 

differ  little  from  straight  lines. 

Therefore  the  dependence  of  value  FM  from  a can  be 

expressed  by  the  approximation  formula: 

I*-**  *■/::  % (4-68) 

where  PA  - a value  of  the  attracting  force  with  a = 

1 mm  and  b - a slope  tangent  of  straight  line  to  the 

axis  of  abscissas. 

The  value  of  quantity  b for  the  different 
specimen/samples  of  relay  is  within  the  limits  approximately 
from  1.3  to  1.8. 

For  simplification  in  the  conclusicn/der ivations,  let  us 

accept  for  all  tested  specimen/samples  of  relay  value  b, 
equal  to  1.5  (b  = 1.5),  and  let  us  conduct  broken 

straight  lines  at  an  angle  56°20'  through  those  curves  for 
which  b not  is  equal  to  1.5. 

Substituting  in  equation  (4-67)  instead  of  its  value 

from  expression  (4-68)  , we  obtain  for  the  attracting  force 

of  relay  on  the  rectilinear  working 


of  the  armature 
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sections  of  load  characteristics,  within  the  limits  of  value 
a from  0.3  to  1.5  mm,  the  following  approximation: 


F Fna-*AW*  Ftlo  ^AW*  = F°lA}V' 

Va‘  ' 


(4-69) 
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Table  4-4.  Value  of  quantities 


*CB'  " | 

3 

1 *,3 

« 

s 

10 

it 

tn 

4.5/9 

0/12 

I,  MM 

a,  mm 

^abi  X 

xim 

Fab,  X 

X10~* 

pobt  X 

x 10-4 

pab,  X 

x to-4 

Fab.* 

xi#-* 

pabt  X 

xto-4 

Fob,  X 
xi«-‘ 

fok.X 

X M-‘ 

Fab,  X 

x to-* 

r 

r 

r 

r 

r 

r 

r 

r 

r 

22 

0,3 

41,2 

75 

160 

204 

202 

256 

97 

160 

170 

0,5 

16,9 

35 

64 

107 

113 

170 

45 

80 

no 

0,7 

9,7 

20 

36 

56 

68 

114 

30 

50 

70 

0,9 

6,4 

13,4 

21 

37 

49 

78 

24 

35 

55 

1.2 

4,2 

8,5 

15 

20,6 

31 

49 

16 

20 

35 

1,5 

9,5 

14,5, 

22 

31 

11,4 

14 

22 

35 

0,3 

35,5 

67 

120 

206 

220 

375 







■| 

0,5 

13 

31 

53 

90 

116 

180 

— 

— 

— 

0,7 

6,8 

17,3 

29 

52 

68 

112 

— 

| 

— 

0,9 

3,9 

11,4 

21 

35  1 

46,5 

75 

— 

— 

— 

1,2 

2,7 

8,2 

12,8 

21,2 

29 

49.5 

— 

— 

— 

1,5  . 

5,4 

7,8 

20 

34 

i 

**on»  1 

13 

4*/8 

6/0 

8/12 

1 

MM  j 

. 

76 

0,3 

_ 

51 

84 

118 

177  J 

270 

67 

106 

154 

I 

0,5 



24 

40 

55 

83  ! 

-130 

37,6 

51 

72 

v • 

0,7 

. 

15 

24 

38 

56,5 

B0 

23,4 

31 

48 

- 

0,9 

j 

10 

15 

26 

37  , 

53 

18  * 

21 

34 

1,2 

— 

e 

10,5 

15 

. *4 

13* 

14 

21 

1,5 

7,5 

17 

•• 

1 ' ^ 

~ ' 

Fa  ge  17  0 


Thus,  virtually 

when 

the  saturation 

cf 

steel 

o f 

magnetic  circuit  is 

absent/  and  the  constant 

val 

ue  of  the 

magnetizing  ampere 

t urns 

the  attracting 

force 

of 

ar  mature 

inversely  proportional  to 

the  value  of 

clearance 

to  degree 

of  3/2  instead  of 

2 in 

formula  (4-65)  . 

Values  Fa 

with  b = 1.5, 

given  in  table 
increase  in  the 

length  value  Pml 


for  the  different 
obtained  from  the 
4-5.  From  table 
diameter  of  core 

grow/rises. 


specimen/sa  mples 
curves  of  Fig. 
it  follows  that 
and  a decrease 


of  relay 
4-33,  are 


with 

an 

i n 

its 
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Fig.  4-33.  Dependence  curves  of  values  Fabl  from  the 
cf  the  clearance: 


with  i—i2  mm 

1 — df.  — J mm;  I — 4c  — 4,5  Jut;  i — df  — 6 jut;  t — 4c  — 
— t jut;  d — d,.  — 10  jut;  • — d„  — 14  mm;  7 — d^  — 8/7  mm; 
I — ic„  — 4,4/9  JU>;  » — id  - S/12  jut; 


With  I - 85  Jut 

It  — dc  - 3 juc;  11  — *c  — 4,5  JUt;  i*  — dc  — « JUt;  id  — dc  — 
— I Jut;  u — 4c—  IS  JUt;  Id  — d,.  — 14  jut; 


wi  th  I - 7«  JUt 

It — 4c-  *,»  JUt; 

— 10  jut;  M — de 


If  — 4c  — 9 Jut;  id  — 4.  — 8 jut;  Id  — de  — 
«-  IS  JUt;  II  — dcn  ™ 4,5/8  JUt;  ft  — dcn  — 
8/9  JUt;  it  — 4cb  — 9/12  jut. 


va  lue 
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On  by 

the 

datum 

of 

table  4-5 

in  Fig.  4-34  are 

constructed 

the 

curved 

1 

, 2 and  3 

dependences  of  value  F,x 

from  the  diameter 

of 

core 

at 

its 

different  length  (22,  35 

and  76  mm) , and 

also 

t he 

cur  ved 

4,  5,  6 and  7 

dependences  Fml  on 

the 

diamet  er 

of 

the  pole  piece  at  the 

different  length  of  cores,  since  at  the  presence  of  the 
pole  piece  value  F,x  is  determined  not  by  the  diameter  of 
core,  but  by  the  diameter  of  the  pole  piece. 

These  curves  (Fig.  4-34)  within  the  limits  of  the 
value  of  the  diameter  of  the  pole  piece  (core) 
approximately  from  4.5  to  14-19  mm  are  in  logarithmic  scale 
virtually  direct/straight  parallel  lines  and  can  be 
approximately  approximated  by  the  formula  cf  the  following 
form: 

, (4-70) 

where  - the  value  of  quantity  which  would  have 

relay  with  the  diameter  of  positive  cap,  equal  to  1 mm, 
if  the  initial  section  of  curve  was  straight-line  from 
value  da  — i mm,  and  c - a slope  tangent  of  this  straight 

line  to  the  axis  of 


abscissas 


I 

l 
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Value  c for  the  initial  section  of  curve  1,  the 
corresponding  to  change  diameter  of  the  pcle  piece  (core) 


from  3 

to  6 

mm 

# is 

equal 

approxima 

tely 

1.  77 

(c  = 

1. 

77), 

and  for 

the 

sec 

t ion 

of  this  curve 

from 

4.5 

to  1 4 

mm 

value  c 

•=  1. 

5. 

For 

the  initial 

sec 

tion 

of  curve 

2 

r 

t 3.5 

to  8 mm 

value 

c is 

also 

equal 

to 

1.77, 

, whi 

le  f o 

r 

t 

he 

sect  ion 

of  th 

is 

curve 

from 

5 to 

14 

mm 

value 

c = 

1. 

5. 

For  a curve 

5 

value 

c is 

equal 

to 

1.  3 

and 

for 

a 

c 

urve 

6 it  is  equal  to  1-2. 

For  simplification  in  the  conclusicn/der ivations,  let  us 
accept  value  c of  constant  for  all  curves  and  equal  to 
1-5  (c  = 1.5)  let  us  conduct  in  this  case  through  the 

curves  of  Fig-  4-34  direct/str aight  dotted  lines  at  an 
angle  5bo20l  whose  tangent  is  equal  tc  1.5. 
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Table  4-5.  Value  of  quantities 


dcn 

MM 

1 

MM 

> 

1 

MM 

l 

MM 

r 

3 

22 

5,7  10 

35 

3,9  • 10-* 

76 

4,5 

11.5  10-* 

10,7  - 10-* 

8,8  • 10-* 

6 

19,5-10-* 

16,2  10-* 

14  • 10-* 

8 

30  10* 

28,5  • 10-* 

21,5  • 10-* 

10 

42  10-* 

39  - 10-* 

31,5  • 10* 

13 

— 

— 

45  ■ 10" * 

14 

69  - 10- * 

63  • 10‘* 

_ 

3/7 

21  10-* 

dca  =4,5/8  mm 

15  • 10-* 

4,5/9 

29  • 10~* 

dco  = 619  MM 

18-10"* 

6/12 

45  10~* 

dm  = 8/12  MM 

27  10"* 
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In 

this  case 

from  curved 

1. 

2 and 

3 Fig. 

4-34 

we 

the 

values  of 

quantity  Fdl 

for 

rel  ay 

without 

the 

pole 

pieces:  with 

Z - 22  ram 

*-»- 

1,33. 10  4 

g (curve 

1)  , 

w ith 

35 

■■  Fn  = 1,17 

• 10"4  g (curve 

2) 

with 

7 = 76 

mm  Fdl 

«= 

0.95*10"4G  (curve  3). 


For  explaining  the  effect  of  dimensions  (diameter)  of 
the  pole  piece  on  the  character  of  curves  F,x  « f (d*)  were 
determined  also  the  values  Fn  for  the  second  series  of  the 
specimen/samples  of  magnetic  systems  of  valve  type  relays, 
having  cores  as  diameter  9 mm  with  different  pole  pieces. 
These  cores  had  length  25,  35  and  55  mm  and  diameter  of 
pieces  9,  1 1,  13,  15,  17  and 


pole 


19  ms. 
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The  values  of  quantities  Fq1  for  the  second  series  of 
the  sped  me n/sarap les  of  the  magnetic  systems  of  relay  are 
given  in  table  4-6. 

According  to  the  data  of  this  table  in  Pig.  4-34  are 


constructed 

the  curved 

5 

and 

6 (ty 

dct-dash  lines) 

dependence  s 

of  value  F,t 

from 

the 

diameter  of  the  pole 

piece  of 

relay  at  the 

length 

of 

cores 

25,  35  and  55  mm. 
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Pig.  4-34.  Dependence 
diameter  of  core  (curves  1-3) 
piece  (curves  4-8). 


of  curves  of  value  rmX  on  the 

and  of  diameter  of  pole 


I - I -St mm;  • t — «-»»*»< 

I-I-Bmi  « — f - I - 70 
« — I — It*  w.  p 


Ke  y : ( 1 j 
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On 

curve 

4 are  deposit/postponed 

also  the 

values 

for 

the 

cores 

of  the  first  series 

by  diameter 

3/7 , 

4. 5/9  and 

6/12 

mm 

by  length  22  mm  from 

table  4-6. 

DOC  = 78012408 


PAGE  -6JF-  3^ 


From  Fig.  4-34  it  follows  that  the  curves  4,  5 and  6 

are  arrange/located  below  curves  1,  2 and  3;  furthermore, 

the  angle  of  the  slope  of  curves  5 and  6 somewhat  less 
(value  c is  equal  to  1.2-1. 3 instead  of  1.5). 

Consequently,  in  the  presence  of  the  pole  piece  specific 
attracting  force  Ftl  is  less  than  without  the  pole  piece 
and  with  an  increase  in  the  diameter  of  pole  piece  and 
length  of  core  (with  a constant  value  of  the  diameter  of 
core)  slope  angle  on  curves  also  is  a little  decreased. 

It  is  necessary  tc  consider  that  all  conditions  being 
equal  the  specific  attracting  force  Fa  of  valve  type  relay 
depends  on  construction,  layout  and  relative  size/di mensions 
of  the  cell/elements  of  magnetic  circuit,  value  of  ballast 
air  gaps  (joints  of  core  with  body  and  todies  with 
armature),  the  thicknesses  of  anticorrosive  coatings  and 
magnetic  properties  of  steel  of  the  magnetic  circuit. 

•• 

! 

£ 
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Table  4-6.  Quantities  of  values  fBi  (for  the  second  series 


i 
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Faye  174. 

Therefore  at  identical  diameter  and  equal  to  the  length 
of  core  the  amount  of  specific  attracting  force  ^,1  of 
relay  of  the  valve  type  of  different  constructions  can 
oscillate  within  sufficiently  wide  limits  (approximately  from 
♦lOo/c  to  *300/0) . 


Table  4-7 

g i ves 

corrected  values 

of  value  ftl 

for  16 

different  types 

of 

valve  relays  by 

weight  from  3 

to  500 

and  3 mock-ups 

of 

magnetic  systems. 

The  values 

of 

qua  ntit ies 

F.x  a series 

of  the  relay  of 

types  RKN,  RPN 

and 

RKN 

x 2 

are  depos 

it/postponed  on  Fig. 

4-34 

(curved  7 

a nd 

8)  . 

From 

curved  4, 

5, 

6 and  7 Fig. 

4-34 

we  find  the 

v a 1 ues 

o f 

quantity  Fdi  at 

c = 1.5  for 

the 

relays  with 

polar  terminals,  which 

have 

the  length  of 

core 

22,  25,  35 

, 

55,  76 

a nd 

140  mm. 

This 

of  the  value 

of 

quantity  Fn 

are 

given 

in 

table  4-8 

. Table  4-7  gives 

also 

values  Fn 

for 

the 

different  types 

o f 

the  relays. 

DCiC 


7 flO  12  40‘J 


pa»;v  ^ 


determined 

with  the  ai)  < 

>f  formula 

(4-67)  w i t h 

c = 1.5. 

Fcr 

deter  nun  at  ion  of 

t fie  J*  pen  (fence 

of  t he 

att  ract ing 

force  of 

the  armature  of 

r 1 a y on 

the 

length 

of  core  of 

Fig.  4-  15 

are  constructed 

dependence 

curves  of 

value 

from  the 

length  of  cure 

lor  relay 

with 

polar 

and  without  t h o pole  piece.  These  curves  within  the  limits 
cf  the  length  ol  core  from  22  tc  76  mm  are  in 

logarithmic  scale  virtually  straight  lines  and  can  be 
expressed  by  the  formula: 

F4l^Fnl~h,  (4-71) 

where  Fn  - a value  of  attracting  force  Fdl,  which  would 
have  relay  with  core  length  in  1 ram,  if  the  initial 

section  of  curve  was  straight-line  from  value  = 1 ram, 

and  k is  a slope  tangent  of  this  straight  line  to  the 
axis  of  abscissas. 
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Table  4-8.  Values  of  quantities  Fd,  and  Fi, 


(,  MM 

r 

in 

wr 

'i,.  r 

22 

35 

76 

! 

1,33  • 10-* 

1,17  10~* 

0,95  • 10-* 

2,802 

3,27 

4,24 

3,73  • 10~* 
3,83  • 10-* 
4,01  • 10-« 

c ID 

Bea  noniocHoro 
HaKOHeHHHKa 

cipeflHee 

3,85  • 10-* 

22 

1,07  10-* 

2,80  i 

3,0-10-* 

C noiiiocHUM 

25 

1,07  • 10* 

2,92 

3,13  10-* 

BaKOHevniKOM 

35 

0,88  • 10"* 

3,27 

2,88  • 10-* 

55 

0,81  • 10-‘ 

3,80 

3,08-10-*. 

76 

0,67  • 10-* 

4,24 

2,83  • 10* 

' 140 

0,57  • 10-* 

5,19 

2,95  - 10-* 

& 

Cp«XW0« 

2,98  10-* 

Key:  (1)gf  - (1A).  Mote,  (2).  Without  the  pole  piece.  (3). 

Average.  (4).  with  the  pole  piece. 
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Substit  uting 

in  formula  (4-69) 

instead 

of 

/j*  its  value 

from  expression 

(4-70)  and  instead 

Of  F4l 

its 

value  from 

equation  (4-71),  we  will  obtain  for  the  attracting  force  of 
the  armature  of  relay  with  unsaturated  magnetic  circuit  the 

finally  following  approxiaation  foraula: 

<«.»> 


Proa 

Pig. 

4-35  we 

find 

through 

curv*  1 

for  the  relay. 

wh  ich 

do 

not  have 

pole 

piece. 

value 

and  fc  P(i  “ M'10^ 
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gf  and  k = 0.28. 

For  simplification  in  the  conclusicn/derivations,  let  us 
accept  value  k egual  to  0.  333  ; then  according  to  dotted 
line  3 at  this  value  of  kf  we  find  that  Fn  = 3,85  • 10-4 
gf. 
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mm*  9 m 

S!!!!S!!!BllaaliaillllBa>l||a*ll>iiil 


ggig;ssaB5iBis:Basgg:B8:B8g 


ss::ssss::ssss::ss:::a 

■■■■■•■laaaaaaHaaaMBMaii 

liaaiaaiaiBaiiaaaMBaaiii 


mmmti  __ 

iaa4>Fuaak:<CK 

■aaJBKjaaaaia 

HIllBlMMi 

BiaaaiHaaMHa 

■aiiaaiaaiflH 

■aiMBiaiiu 

■■■■■■■■■■■a 


1 

P t 

3 * S 

; to  u 

to  to  30  50 

TO  tOO mm 

rig. 

4-35. 

Depen  dence 

curves 

of  va 

lue 

r*i  f row 

leng 

th  of 

core. 

1 - 

core 

without  the 

pole 

piece 

( h - 

0.  28) 

: 2 - 

core 

with 

the 

pole 

piece  (k 

= 0. 

333)  ; 

J - core 

with  out. 

the 

pole 

piece 

(k  = 

0. 333) . 

Key : 

(li- 

9- 

Pa  ye 

ne. 

Substituting 

in 

equat ion 

(4-72) 

ins 

tead  of 

Fn 

and  k 

their  value,  we  obtain  for  the  attractiny  force  of  the 
armature  of  the  relay,  which  does  not  have  the  pole  piece: 

' ~ 3’’  • ,0'*  -ywS-  ~ 3,8!  ■ 10-*  A^f  in.  (4-ra.) 
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Key:  (1).  g. 


where  F is  force  in  grass,  4i  - the  diameter  of  the  pole 

piece,  equal  to  the  diameter  of  core  4.  in  mm, 

size/dimensions  l and  a in  mm. 

Ratio  of  the  length  of  core  to  its  diameter  from  the 

relay  of  assigned  type  different  size/dimensions  can  be 

virtually  considered  constant  value.  Designating  this  sense 
through  n,  we  find: 

/ = ndc. 


Substituting  in  equation  (4-72)  instead  of  1 its  value 

from  last/latter  expression,  we  obtain: 


AW* 

F^3,85  10~4  .-gi*  . 

(4-726) 

Por 

the 

relay,  which  have 

core  with 

the  pole  piece. 

with  the 

aid 

of  the  curve  of 

2 Fig.  4- 

35  with  k = 0.333 

we  find 

that 

Fn  = 3 • 1 0 ~4  g- 

Substituting  in  equation  (4-72)  instead  of  Fn 
their  value,  we  obtain  for  the  attracting  force 
areature  of  the  relay,  which  has  core  with  the 

Consequently,  within  Units  indicated  above  of 

l and  0 the  attracting 


and  k of 
of  the 
pole  piece: 

values  4 a, 

relay  at 


force  of  the  arnature  of 
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the  constant  length  of  cote  is  proportional  to  the  diameter 
of  the  pole  piece  to  degree  of  3/2  instead  of  2 and 

inversely  proportional  to  the  value  of  clearance  also  to 
degree  of  3/2  instead  of  2 in  formula  (4-65). 

If  the  length  of  core  varies  in  proportion  to  to  its 

diameter,  then  the  attracting  force  of  the  armature  of 
relay  will  vary  in  proportion  to  to  the  diameter  of  the 
pole  piece  to  degree  of  7/6  (1.66). 


If  are  assigned  the  values  of  load  F and  of  the 

clearance  a,  which  correspond  to  the  critical  point  of  the 
electromechanical  characteristic  of  relay,  and  are  also  known 
the  diameter  of  the  pole  piece  and  the  length  of  core. 


then  the 

tentati ve 

value  of 

the  ampere-turns 

of 

the 

fu  notion 

of  valve 

type  relay 

(with  error  on 

the 

order  of 

♦,10  OOo/o)  can  be  determined  with  the  aid  of  formulas 
(4-72  a)  and  (4-73). 


The 

te  ntative 

value  of 

the  ampere-turns 

of  the 

of  valve 

type  relay,  which 

does  not  have 

the  pole 

mill  be 

equal 

AW,*,  j 

(*-74) 

' V 

function 

piece. 
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The  ampere 

turns  of 

the  function 

of  valve  type 

relay 

which  has  core 

with  the 

pole  piece. 

are  tentatively 

e gual 

to: 

AWe**y 

f'*V*Sn 

3 • i<r*  |/ rf; 

“i 4- 

(4-75) 
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These  formulas  are  acceptable  for  precomputations  within 
the  limits  of  the  straight  portion  of  the  full-load 
saturation  curve  of  relay,  for  the  valve  type  of  the 

relays,  which  have  the  diameter  of  core  (the  pole  piece) 
approximately  from  3 to  18  mm  and  the  length  of  core  from 

20  to  80  mm  with  the  value  of  clearance  from  0.3  to 
1.2— 1.5  mm. 


Belay  with  the  pulled  armature. 


For  the  derivation  of  the  empirical  formulas  of  the 
calculation  of  the  attracting  force  of  relay  with  the 
pulled  armature,  were  used  the  full-load  saturation  curves 
of  four  electromagnets  with  diameters  of  armature  (plunger) 
125,  33.3  and  6 mm. 
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The 

air-gap 

diameter 

of 

the 

first 

electromagnet 

with 

conical 

end/lead 

(angle 

of 

taper 

6 1°) 

was  125  mm. 

the 

length 

of  coil 

264  mm 

and 

the 

outs ide 

diameter  of 

electromagnet  216  mm.  Armature  of  the  seconu  electromagnet 
with  flat /plane  end/lead,  its  diameter  33.3  mm,  the  length 
of  coil  88.9  mm  and  the  outside  diameter  of  coil  79.4  mm. 
The  third  electromagnet  was  the  same  basic  dimensions  as 
the  second,  but  its  armature  had  conical  end/lead  (angle  of 

taper  60°).  The  fourth  electromagnet  had  armature  with 

flat/plane  end/lead,  air-gap  diameter  6 mm,  the  length  of 
coil  23  mm  and  its  outside  diameter  15  mm  [1.  4-4]. 

As  a result  of  the  analysis  of  the  full-load 
saturation  curves  of  these  four  electromagnets,  was  derived 
the  approximation  formula  for  oriented  calculation  of  the 
attracting  force  of  electromagnets  with  the  pulled  armature 

with  the  unsaturated  magnetic  circuit: 

* (4-76) 

Key:  (1).  gf. 
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from  diameter  of  core  between 
linear:  1 - upper  limit  of 

linearity. 


of  value 

which 
linea  rit  y 


of  working 
curves  - f (a) 

; 2 - lower 


air  gaps 
are 

liait  of 


Page  178. 


This 

express  ion 

is  tentative,  since 

depending  on 

the 

form  of 

the  end/lead 

of  the 

armature. 

on  the  ratio 

of 

the 

length  of 

coils  to 

air-gap 

diameter,  cn 

relationshi p 

of 

the 

length  of 

core  and 

armature 

and  on  the 

size/dimens io 

ns 

of 

other  cell/element  £ of  magnetic  circuit  the  full-load 
saturation  curves  of  plunger  electromagnets  can  change  over 
wide  limits. 
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Formula  (4-76)  can  te  used  for  the  approximate 
computations  of  plunder  electr  oma'jnets  with  air-gap  diameter 
from  6 to  125  mm,  which  refer  of  the  length  of  coil  to 
air-gap  diameter  approximately  from  2.1  to  2.7  (3.8)  at  the 
appropriate  values  of  the  quantities  of  working  air  gap 
(course  of  armature),  the  locating  between  curves  limits  of 
the  linearity  of  dependence  ^en  = / (®)>  those  who  were  given 
in  Fig.  4-36. 


If  are  assigned  air-gap  diameter,  the  value  of  load 
and  the  course  of  armature,  then  the  tentative  value  of 
the  ampere-turns  of  the  attraction  of  the  armature  of 

electromagnet  can  be  determined  from  (4-76): 

y 0,3  • 10~4  rf*  100  j • (4-77) 

r n R 

b)  “the  determination  of  greatest  design  load  of  the 
armature  of  relay. 

Formulas  (4-72),  (4-73),  (4-74),  (4-75),  (4-76)  and 

(4-77)  are  used  for  determining  the  attracting  force  of 
armature  and  ampere-turns  of  function  only  on  the  straight 


portion  of  full-load  saturation  curve 


to  the  values  of 
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section  of  magne 
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speed  of  respons 
attracting  force 
working  load  of 
Therefore  virtual 
datum  a , which 
of  relay,  does 
miniature/small  r 
consumed  power  a 
load  of  armature 


Consequently, 


circuit 

of  relay 
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s ize/dime 
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which  do  not  exceed  value  F — Fm<  at  which 


st 

itself  the 

sat.u 

ra  tion 

of  steel 

on 

any 

t ic 

circuit  (i 

-e. 

when 

greatest  ind 

uct  i 

on  in 

ot 

exceed  1.0- 

1.  2 

ml)  . 

her 

increase  i 

n t h 

e mag 

netizing  ampere- 

turns. 

tura 

tion  curve 

is 

bent. 

the  attract 

ing 

force 

/ris 

ing  3-4  ti 

mes  . 

For 

providing  su 

f f ic 

ient 

e a 

nd  reliable 

wor 

k of 

relay,  the 

mus 

t be  2-4 

times 

more 

than  great 

est 

arm 

ature  with 

the 

datum 

cf  clearan 

ce. 

iy 

greatest  de 

sign 

load 

of  armature 

with 

determines  the 

ampe 

re-tur 

ns  of  the 

f unc 

tion 

not 

usually  ex 

ceed 

value 

a of 

elay  to  avoid  a considerable  increase  of 
nd  greater  overheating  of  winding  design 
at  the  assigned  clearance  must  be  less 


for  the  calculation 
it  is  necessary  to 
nsions  of  core  and 


of  the  magnetic 
know  the  dependence  Fm 
of  working  air 


length 
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Valve  type  relay. 

For  determining  this  dependence,  we  will  use  the 
full-load  saturation  curves  specimen/samples  examined  above  of 
23  of  the  magnetic  systems  of  valve  type  relay  with  the 
cores  of  different  size/dimensions  (part  of  these 
characteristics  it  is  given  in  Fig.  4-26,  4-27...,  4-32). 

Page  179. 

The  values  of  guantities  Fm  for  all  tested 
specimen/samples  of  relay  at  the  different  size/dimensions  of 


the 

clearance,  obtained 

from 

t he 

appropriate 

full-load 

saturation  curves,  are 

given 

in 

table  4-9. 

On 

by  the 

dat  urn 

of 

table  4-9  in  Fig. 

4-37 

are 

cons  tructed 

the 

cur  ves 

of 

the 

dependences  of  greatest 

design  load  Fm 

on 

the  value  of 

working  air  gap  a for  all  tested  s pecimen/samples  of  relay. 


From  the  curves  of  Fig.  4-37,  it  follows  that  within 
the  limits  of  changes  of  value  « from  0.3  to  1.2-1. 5 mm 
the  dependence  of  value  fm  fro*  a in  logarithmic  scale  for 
different  specimen /samples  in  practice  differs  little  from 
straight  line  and  can  be  expressed  by  the  approximation 
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formula: 

?***  ?*«**' 

where  ^w,i  - a value  a 

with  # * 1 ■■  and  o 

to  the  axis  of  abscis 
Table  4-9.  Values  of 


DOC 


78012409 


PAGE  -23l 


page  180. 


Pig.  4-37.  Curved  of  dependences  of  greatest  design  load 


value 


of  clearance:  eith  %.  * 


i - 

— • M| 


a mm;  t -*<«-  - 4,1  < 

< — 4.  •»  It  «•;  « — 4n  - *n  M»;  t - 

>M  4,»/»  AH|  » — 4^ I - t/lt  AH; 


22 

-<w 


eith  J * 35  ii 

Mm; 

*•  » *•»  1*  — 4.  «•  It  Ml 

eith  J = 76  ii 

li  — dc  - 4,6  MM]  II  - dc  • I M;  J«  — 4e  «■  I ah;  If  — 

If,—  10  AH;  J»  — d,n  — 4,5/8  AH;  10  — rfcn  — 8/B  MM; 

Key:  (1)-  gf- 


or. 
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rig.  4-38.  Dependence  curves  of  values  F.mi  from 


core: 

core 

without 

pol 

e 

piece. 

1 - 

/ « 

22  m 

35  mm ; 

3 

- 1 

= 

76 

mui 

; core 

wit  h 

pole 

piece 

22  mm; 

5 

- 1 

= 

76 

mm 

*.  h - 

11 

mm;  7 

- L 

diameter  of 
2 - } = 
4 - i = 

1 40  mm. 


Key:  (1).  g. 
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The  value  of 
s pec i men /s am  pies  of 


quantity  a for  the 
the  relays,  which 


d if  ferent 
do  not  have 


the  pole 
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piece. 

varies  within 

sma  11 

limits 

and 

can  be  accepted 

equal 

to  0.75 

(a  = 0 . 75)  . 

For 

re  la  y 

with 

the  pole  pieces 

value 

a can 

be  taken  as 

equal 

to  0.5 

(a 

= 0.6). 

Values  1 ^ or  the  different  shapes  of  the  relays, 
obtained  froa  the  curves  of  Fig.  4-37,  are  given  in  table 
4-10.  On  by  the  datum  of  table  4-10  in  Pig.  4-38  are 
constructed  the  curves  of  dependence  value  ^m*i  from  the 
diameter  of  the  core  of  relay  at  its  different  length  22, 

35  and  76  mm).  (Curved  1,  2 and  3 - fcr  the 

specimen/samples  of  the  relays,  which  do  not  have  the  pole 

piece,  and  dot-dash  curves  4 and  5 - for  the 

specimen/samples  of  relay  with  pole  pieces).  Curves  1 and  4 
are  related  to  cores  by  length  22  mm,  curved  2 - to 

cores  by  length  35  mm  and  curved  3 and  5 - to  cores  by 

length  76  mm. 


From  Fig.  4-38  it  follows  that  these  curves  within  the 
limits  of  the  value  of  the  diameter  of  core  approximately 
from  3 to  10  mm  in  logarithmic  scale  in  practice  differ 
little  from  straight  lines  and  can  be  approximated  by  the 

approxiaation  foraula  of  the  following  fora: 

V (4-79) 

where  - a value  of  the  greatest  attracting  force 
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which  wou 

Id  have  relay  with 

core 

diameter 

in  1 

mm , if 

the 

in itia  1 

s 

ection  of  curve  was 

stra 

ight-line 

from 

val  ue  dc 

= 1 

mm,  and 

P - a slope  tangent 

of 

straight 

line 

to  the 

axis 

of  abscissas. 


For  a comparison  in  the  figure,  are  plotted  the  values 
of  quantities  for  a relay  of  the  type  R3S10,  which  has 

core  as  diameter  3/4.5  mm,  and  the  mock-up  of  relay  RKN, 
increased  two  times  (RKN  x 2),  with  the  diameter  of  core 
18/30  mm.  Through  these  points  are  carried  out  broken 
straight  lines  6 and  7,  to  parallel  lines  1,  2,  3 and  4. 


DOC  = 78012400 


PACE  2^ 


4c^ 


Page  182- 


Vai  ue 

0 

for  the 

in  it  id  1 sect icn 

of 

curve  1, 

the 

correspond ing 

to  change 

i diameter  of 

core 

from  2 to 

4 mm , 

is  equal 

approxi mately 

tc  four  (0  = 

4)  , 

and  for 

a section 

by  this 

curve  from 

4 to  10  ram 

value  0 = 3. 

For  the 

in itia  1 

sections  of 

curves  1 and 

2 is  from  3 

to  6 mm 

value  0 = 3-24,  while  for  the  section  of  curve  2 - from 

6 to  10  min  0 = 2. 75. 


For  simplification  in  the  further  conclusion/derivations. 


let 

us  accept 

v a lue 

0 of  constant 

for  all  curves  and 

equal 

to  three 

(0  = 

3)  within 

the 

limits  of  changes  in 

the 

dianeter  of 

core 

fron  3 to 

10 

then 

dl  (4-79*) 


After  continuing  direct /straight  1,  2,  3,  4,  5,  6 and 


7 

Fig. 

4-38 

down 

before  their 

intersection  with 

the  axis 

of 

ordina  tes. 

let 

us  find  the 

average  values  of 

quantity  f, 

for 

the 

cores 

o f 

different  length.  These  values 

are 
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given  in  table  4-11  and  are  deposit/post poned  on  Fig.  4-39 
depending  on  the  length  of  core. 

From  Fig.  4-39  it  follows  that  within  the  limits  of 


changes  of 

the 

length  of  the 

core  of  relay 

approx imat  ely 

from  20  to 

80 

mm  (for  relay 

with  the  pole 

pieces  - from 

10  to  140 

mm) 

the  curves  of 

the  dependences 

Fmdi  on  1 in 

logar  ithmic 

scale  differ  little 

from  straight 

lines  and  can 

be  expressed 

by 

the  approximation  foraula: 

^mil  **  F millet 

(4-80) 

where  F mti  - a value  of  the  greatest  attracting  force  /_r. 

which  would  have  relay  with  core  length  in  1 mm,  if  the 
initial  section  of  curve  it  was  straight-line  from  value  t 
- 1 mm,  and  y - a slope  tangent  of  straight  line  to  the 

axis  of  abscissas. 


1 
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c4  vaiu-t s’ 


Fmi>  Cvrvi  Fml, 


1,  MM 

V 

V* 

YT 

m — 

npaaratn* 

22 

0,75 

10,16 



0,96 

9,75 

_ 737“ 

Bea  nojiiocHoro 

35 

0,75 

14,37 

— 

0,65 

9,35 

HaKOBewHKa 

76 

0,75 

25,7 

“““ 

0*9 

10,0 

(3 

CpeflHee  9,71 

11 

0,5 



3,32 

0,72 

2,38 

(Vj 

C nojuocBuu 

22 

0,5 

4,69 

0,54 

2,53 

HSKOB6VHBKOkf 

76 

0,5 

872 

0,34 

2,97 

140 

0,5 

11*3 

0*7 

3,10 

5V 

CpaxiM  2,77 

1 

1 

Key:  (1).  g.  (U). 


Mote.  (2).  Without  the 


pole 


piece. 


(3). 


Average.  (4).  With  the  pole  piece. 
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Substituting  in  equations  (4-7a)  and  (4-79)  instead  of 
values  fnui  and  Fmdl  of  their  value,  we  obtain  approx  imate 
for aula  for  detersining  the  maximum  value  of  the  calculated 


at  tract! ng 

force  of 

valve 

type  relay: 

F 4*  F 

f *41  0 = _JRi 

A 

I C (L  04  \ 

m «r*  (t* 

!jr-.  (4-«i) 

Froa 

Fig.  4-39 

we  find  the  value  of  quantity  j 

for 

the  relay. 

which  do 

not 

have  the  pole  piece 

(curved 

1)  . 

equal  to 

0.724,  and 

for 

relay  with  the  pole 

pieces 

(curved 

» 

2)  , equal 

to  0.  385. 
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Por  simplification  in  calculated  formulas,  let  us  accept 
value  y for  the  relay,  which  do  not  have  the  pole  piece, 
equal  to  0.75  (7  = 0.75)  and  for  relay  with  the  pole 
pieces  - equal  to  0.5  (7  = 0.5). 

The  point  of  intersection  of  the  broken  direct  3 
dependences  of  value  Fma  froi  1 at  7 = 0.75  with  the  axis 


of  ordinates  in 

Fig. 

4-39 

gives 

to  us  the 

value 

of 

quantity  Fmn  for 

valve 

type 

relays 

, which  do 

not 

have 

the 

pole  piece,  “ 

9,7  gf. 

while  the 

point  cf 

intersection 

of 

straight  line  4 (with  7 = 0.5)  with  the  axis  of  ordinates 
gives  value  ^mn  for  relay  with  the  pole  pieces  “ 2,8  gf. 
The  values  of  quantities  Fmll  for  seme  specimen/samples  of 
the  relays,  determined  with  the  aid  of  formula  (4-80),  are 
given  in  table  4-11. 
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mL-L-L 

/ u 

Fig. 

i l-L.I  L 
2 J 

4-39 

. Dependence  curves 

•UL-iU 

Mum 

of  values 

from  length 

of 

core. 

1 

core  without  the 

pole  piece 

(? 

= 0.724); 

2 - 

core 

with 

the  pole  piece  (j 

= 0.  385)  ; 

3 

core  without 

the 

pole 

piece  (y  = 0. 75)  ; 

4 - core 

with 

the  pole 

piece 

(T  * 0.5) 


Key:  (1) 
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Consequently,  the  maximum  value  of  the  calculated 
attracting  force  of  the  armature  of 


the  relays,  which  do 
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not  have  the  pole  piece,  will  be  equal  to: 


Fm~-t 


9.7  d> 


(4-82) 


a for  the  relay,  which  have  core  with  the  pole  piece, 

<4-83) 


2.8  d> 

c 


2,8  i' 


Va  yi  vm  • 

Here  F is  force  in  gf,  size /dimensions  4c,  • and  1 


min. 


in 


These  formulas  give  sufficient  accuracy  within  the 
limits  of  changes  in  the  diameter  of  core  approximately 
from  3 to  18  mm,  the  lengths  of  core  - from  20  (10) 

80  (140)  mm  and  the  values  of  working  air  gap  from  0.3 

to  1 . 2-  1.  5 mm. 


to 


Relay  with  the  pulled  armature. 


In  a similar  manner  with  the  aid  of  full-load 
saturation  curves  mentioned  above  of  four  electromagnets  with 
the  pulled  armature  is  derived  empirical  formula  for 
determining  the  maximum  value  of  the  calculated  attracting 
force  of  plunger  electromagnet: 

- (4-84) 

This  foraula  is  tentative  and  it  is  used  within  the 
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limits  of  a change  in  the  air-gap  diameter  from  6 to  125 
mm  for  the  electromagnets  with  the  pulled  armature,  which 
refer  of  the  length  of  coil  to  air-gap  diameter 
approximately  from  2.1  to  2.7  (3.8)  at  the  appropriate 

values  of  the  quantities  of  working  air  gap,  which  are 
located  between  curves  1 and  2,  given  in  Fig.  4-3  6. 

4-11.  Greatest  and  conditional  work  of  electromagnet. 


The  mechanical  work,  completed  by  electromagnet  during 

armature  travel,  is  equal  to: 

In  the  particular  case  when  the  value  of  working  clearance 
is  low  in  comparison  with  the  area  of  pole  and  magnetic 
circuit  is  not  saturated,  it  is  possible  to  substitute  for  F#. 

its  value  from  expression  (4-62a) ; we  have: 


<M,) 


Page  185. 


Let  us  designate  relation  to  Jta  by  a: 
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4^ 


thee  6 = RaS\i^a  = ba  and  M = R^^da. 


Passing  to  new  variable,  we  obtain: 


r -4"r,Vi»»  j aw*  r u aw*  •, 

^ 3 (TT^  = '2S7‘?i+^j  (4_87) 


or 


A = 


^4JP* 

2*„ 


FIT 


a^r-  <“7*> 


From  expression  (4-87)  it  follows  that  with  an  inor«as<?  in 
relation  a the  work  increases  and  within  limit  it  will  be 

equal  to: 

A»  = t!~  t'M*1  = gnffSr  " 8’4  10^ tJ-  1 */«»].  (4-88) 

Key:  (1).  na.  (2).  kg*ca. 


Consequently,  Am  is  the  greatest  work  which  it  can 
produce  electromagnet  with  these  ampere  turns.  This  work  on 
Fig.  4-40  is  determined  by  the  area,  limited  by  static 
thrust  (electromechanical)  characteristic  and  the  coordinate 
axes. 

The  value  of  the  greatest  work  of  electromagnet  at  the 
assigned  ampere-turns  depends  eiclusively  cn  the  reluctance 
of  relay  with  the  pullled  araature  Rm. 


For 


the  best  use  of  a work,  produced 


by  electromagnet. 
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mechanical  load  line  (controlling  force)  Bust  coincide 
thrust  characteristics. 

However,  the  virtually  mechanical  characteristic  of 
is  the  largely  broken  line,  which  consists  of  several 
straight  portions. 


with 


relay 
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K«1 
R«k1B 
mp%  s 

Pfii-'k’ 


■SittiflB 


Kw^BB 
«k9t?iwfek: 


I V 44  u 44  <4  <r  ia  ¥ » 

Fig.  4-40.  Curved  for  determining  work  of  electromagnet 


Key:  (1).  g. 


Page  186. 

The  mechanical  characteristic  of  relay  of  the  type  RKN, 
loaded  four  by  stud  switches,  is  shown  in  Fig.  4-40  by 
dotted  line. 

i 

So  that  the  armature  of  relay  would  be  pullled,  it  is 
necessary  that  in  all  way  of  its  displaceaent/movement  f 

mechanical  load  would  be  less  than  the  attracting  force. 

* 

I 

I I 

I 


9 
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Therefore  the  mechanical  characteristic  of  relay  usually 
concerns  electromechanical  at  one  point,  b (critical  point), 
and  the  area,  limited  by  mechanical  characteristic  and  the 
coordinate  axes,  always  less  than  the  area,  limited  by  the 
thrust  characteristics  of  relay  and  by  these  axes. 

Let  us  examine  two  special  cases  mechanical 
characteristics  of  relay,  depicted  in  Fig.  4-40; 

1)  mechanical  characteristic  with  the  constant  load  of 
armature  (value  of  the  load  of  armature  does  not  change 
during  its  displacement/movement)  - line  Fxa  and 

2)  mechanical  characteristic  with  ampere-conducta rs  per 
inch  (value  of  the  load  of  armature  increases  during  its 
displacement/moveraent  according  to  the  law  of  straight  line) 

line  Y 


a)  the  load  of  armature  is  constant. 

The  work,  necessary  for  the  overcoming  of  the 
mechanical  load  of  armature  (controlling  fcrce)  with  a 
constant  value  of  this  lead  F,,  is  usually  called 
conditional  work  and  is  expressed  by  the  following  fornula: 
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Graphically  this  work  is  determined  by  the  area  of 
rectangle  F1a6l0.  After  substituting  into  expression  for  A, 
instead  of  F,  its  value  from  equation  (4-62a)  anl  after 
replacing  value  f with  its  value  from  formula  (4-23),  we 
mill  obtain: 


{B  + DRtf 


fl.  \*  ’ 


[B+DJ$f) 


where 


B-Mm+9*.  + (J t~  + Am)(9  + Xl,i)  $ D-9  + W 


Key:  (1). 


For  determining  the  condition  by  which  the  value  of  the 
conditional  work  of  relay  will  be  greatest,  let  us  take 
derivative  of  At  on  6!  let  us  equate  it  with  zero;  we 


will  obtain: 


Lo. 

{•+D-b) 


B%  ~ " 0 B-  DR+ 


whence 
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Key:  (1).  or. 

Page  187. 

Substituting  for  B and  D of  their  value,  «e  will  obtain: 

iW  4-  at L 

R»  = “7+  + flcT  + (4-90) 

If  we  disregard  the  effect  of  leakage  fluxes  between 
core  and  housing  of  relay  (g  = 0),  then  condition  for  the 

maximum  of  the  utilized  conditional  work  of  relay  will  take 
the  following  fore: 

= W*  + R*  + fin  + 

or 

= R..  (4-91 ) 

Substituting  in  foreula  (4-89)  extra-one  hundred  F,  its 
value  from  (4-62a)  and  replacing  value  Rt  by  equal  to  it 

value  R n.  we  obtain  expression  for  the  greatest  value  of 
the  utilized  conditional  work  of  the  relay: 


Key:  (1).  na.  (2).  kg»cn. 


Consequently, 

the 

great 

value  of 

the 

utilized 

conditional  work 

(work 

with 

constant 

lead) 

is  4 times  lower 
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than  the  greatest  work  Am  (4-88),  which  it  can  produce 

this  relay. 

The  reluctance  of  magnetic  circuit  depends  on  the  value 

of  induction  in  steel;  therefore  the  value  of  the  optimum 

course  of  the  armature  of  relay  and  most  advantageous  area 

of  the  pole  piece  will  change  with  the  load  of  relay. 

If  value  is  net  equal  to  then  after  dividing 

numerator  and  the  denominator  of  eguatio*  (4-92)  on  i?i  and 

replacing  relation  Jf*  to  Hm  with  a,  we  obtain  for  the 

conditional  work  of  relay  the  following  expression: 

Al  “ -)-«)■“  -*.•  flTiji-  (*-93) 

In  Fig.  4-4  1 is  constructed  the  curve  of  dependence 

relation  At  to  fron  value  a.  From  this  curve  it 

follows  that  during  a change  of  the  relation  R,  to 

within  large  limits  — from  0.5  to  2 - the  value  of  the 

utilized  conditional  work  of  relay  decreases  not  more  than 

ty  11  o/o. 

Page  188. 

If  we  substitute  into  equation  (4-92)  instead  of 
ampere-turns  AH  their  value  from  expression  (1-1),  then  we 
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bill  obtain: 

4, -1.6-10*^- 1,6-10*^.  (4-92a) 

Consequently,  in  the  case  of  uniform  flow  distribution 


in  working 

clearance. 

the 

absences 

of  saturation  stopped 

and 

neglect  of 

the  effect 

of 

leakage 

fluxes,  the  dependence 

of 

the  value  of  the  conditional  work  of  relay  from  supplied 
power  it  must  have  linear  character. 


Heat  conductivity 
winding  of  relay  into 

Electrical  conductivity 
to: 


for  the  heat  flux, 
the  environment, 

of  the  window  cf 


given 


winding 


up  by  the 


is  equal 


Substituting 
their  val ue 


in  equation  (4-92a)  instead 
from  last/latter  expressions. 


of  P and  C of 
we  will  obtain 


fl- 


4-12,  4-13]: 


•^im  ™ V (4426) 


Consequently, 

proportional  to 
winding  and  to 
magnetic. 


efficiency 

of 

the 

temperature 

the 

product 

of 

magnetic  system  is 

of  the  overheating  of 
three  conductivities: 


electrical 


and  thermal 
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Pig.  4-41.  Curved  of  dependence  of  relation  Aj  to  **«•  on 
value  a. 

Page  189. 

Figures  4-42  gives  experimental  the  curves  of  the 


dependences  of 

conditional 

work 

on  anount 

of 

the  required 

power  for  seven 

i relay 

of 

the 

valve  type 

of 

different 

size/dimensions 

at  the 

nominal 

values  of 

the 

course  of 

aroature  and  plug  of  loosening.  Fundamental  these  these 
relays  are  given  in  table  4-12.  Fcr  the 

exception/elimination  of  the  effect  of  the  value  of  ratio 
2/d  on  the  required  power,  the  curves  of  the  conditional 
work  of  the  last/latter  four  types  of  relay  were  converted 
and  given  to  value  l /A  - 7.8,  but  curved  of  the  first 


i 


I 

> 


f 

* DOC  = 78012409  PAGE  ^ 

three  types  of  relay  - to  value  //d  = j.  2.  The  converted 
curves  are  constructed  by  dotted  lines. 

I 

, From  the  curves  of  Fig.  4-42,  it  follows  that  linear 

character  have  only  initial  sections  of  the  curved  first 
three  types  of  relay. 

Figures  1-26  shows  the  curves  of  the  dependences  of 


the  conditional  work  of 

the 

different 

types 

of 

relay  on 

the  value 

of  the  course 

of 

a rroat  ure 

at  nominal 

sizes  of 

the  plugs 

of  loosening 

and 

power  0.2 

W.  These 

cut  ves  have 

clearly  expressed  maximum 

, which  corresponds 

to 

the  optimum 

course  of 

armature  for 

each 

type  cf 

relay 

at 

power  in  the 

winding  0. 

2 tf. 
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f r cm 

i required 

po  ner. 

1 - m 

ock 

an) ; 

2 

mock 

-up  of 

relay 

No 

of 

the 

type  RKI  - 

•»  ■■) 

e 

• 

Mb- 

• 

5 - 

relay 

of  type 

r 

BSH; 

7 

mock 

-up  of 

relay 

No 

cf 

relay 

No  3 

(d  = 

2. 4 in 

m)  ; 

<d 

= 2 

mm)  . 

Key: 

(1) 

. Fuel 

and 

lubrican 

ts. 

conditiona 

1 work 

of  rel 

ay 

up 

of  rel 

ay  No 

1 «■- *> 

1 

«V 

18  mm)  ; 

3 - 

re  la  y 

- 

relay 

cf  the 

ty  pe 

REN 

m- 1 

. 6 - 

relay 

of  the 

type 

2 

<d  = 

3 am)  ; 

8 - m 

ock- up 

9 

- mock 

-up  of 

relay 

No  4 

(2).  W. 


Page  190. 
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The  curves  of  the  dependence  cf  power,  consumed 
valve  type  relay  from  their  weight  at  the  different 
of  conditional  work,  are  given  in  Fig.  4-43. 

Within  the  limits  of  the  weight  cf  relay  from 
3000  g and  with  light  loads  (to  5 g«cm)  with  1/d 
these  curves  can  be  approximated  by  the  following 

approximation  for aula: 

A1^12,5P  VQ  (4-94) 

Key : (1).  g*  cm. 


by 

v a 1 ue  s 

100  to 
= 7.8 


where  P i 


watts  and  Q 


the  weight  of  relay  in 


grams. 
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Table  4-12.  Fundaaental  these  tested  relays. 


CO 

HumaHOMMie  pejie 

|P) 

h 

Ii 

flaamrp 

nojnoca 
<tn.  mm 

f 

ip 

r 

f 

o. 

X 

o 

• 

K 

s 

X 

h 

ti 

J* 

or 

% 

& 

8 

n 

MaKOT  pane  Ki  1 fa) 

18 

30(18) 

140 

7,8 

1,7 

1.6 

0,8 

2300 

Pejie  THna  PKH  fio) 

9 

15(9) 

70 

7,8 

3,8 

0,8 

0,3 

290 

» » PKM 

7 

11 

55 

7,9 

5,1 

1,1 

0,1 

112 

» » PCM  „ 

5 

8 

15 

3,0 

23,4 

0,4 

0.1 

17 

MaxeT  peae  As  2 (4) 

3 

5 

10 

3,3 

39 

0,45 

0,05 

6 

» » A6  3 

2,4 

3,8 

7,5 

3,1 

40 

0,4 

0 

3.1 

> » St  4 

2 

3 

8,5 

8,2 

48 

0.4 

0 

1,8 

Key:  (1).  Designation  of  relay.  (2).  Diaaeter  of  :ore  d, 

an.  (3).  Diaaeter  of  pole  *m>  an.  (4).  Length  of  core  j , 

an.  (5).  ohm.  (6).  Course  of  armature  6,  of  mm.  (7).  plug 

of  loosening  60#  of  mm.  (8).  Height  cf  relays  Q,  g.  (9). 

Hock-up  of  relay.  (10).  Relays  of  the  type. 


from  its  weight  at  different  values  of 


, consumed 
ccnditional 


by  relay 
work. 
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Key:  (1).  W.  (2).  Fuel  and  lubricants-  (3).  g. 


Page  191. 

b)  the  load  of  armature  changes  according  to  linear  law. 

In  the  case  when  the  value  of  the  mechanical  load  of 
armature  changes  according  to  the  law  of  straight  line, 
tangential  to  thrust  characteristics  at  point  a,  work  a2, 
necessary  for  the  overcoming  of  this  charging,  is  determined 
by  the  area  of  right  triangle  0F262  (Fig.  4-40). 


This 

work,  obviously,  is  expressed  by  the 

following 

f oraola: 

A * * A 

(4-95) 

If  6 

* = 26 1 , then  of  the 

siailarity  of 

triangles  we 

find 

f2 

= 2FV.  Substituting  in 

(4-95)  instead 

of  62  and 

F* 

fro* 

value,  we  will  obtain: 

<4-95a) 

i.e. 

with 

one  and  the  sane  anpere-feurns  the 

work,  utilized 

for 

the 

overcoming  of  the  load 

of  armature. 

which  is 
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changed  according  to  linear  law,  two  times  of  the  more 
work,  necessary  for  the  overcoming  of  the  constant  load  of 
armature. 

If  we  substitute  into  equation  (4-95a)  instead  of  Ft 
its  value  from  formula  (4-62a)  , tc  differentiate  expression 
for  A 2 tor  5 1 and  to  equate  derivative  with  zero,  then  we 
will  obtain  the  same  solution  as  for  the  case  of  the 
constant  load: 

Key:  (1).  or. 

Substituting  for  6X  its  value,  we  find  the  condition 

under  which  the  work  of  relay  will  be  greatest  with 
ampere-conductors  per  inch: 

- (4-96) 

The  greatest  work,  utilized  for  the  overcoming  of  the 
mechanical  load  of  armature  under  the  linear  law  of  the 
load  of  the  latter,  mill  be  equal  to: 

•4im  ■=  Tjj^v  “ ^ (»u»]  — 3,2  • [«^-  cm].  (4-07) 

Key:  (1).  kg*cm. 

Consequently,  with  the  load  of  armature,  which  is 
changed  according  to  linear  law,  the  greatest  work. 


I 


DOC  = 78012409  PAGE  •*&-, 

necessary  for  the  overcoming  of  this  load,  is  equal  to  the 

half  of  the  greatest  work,  produced  by  the  armature  of 
relay. 

Page  192. 

4.12.  Determination  of  the  basic  dimensions  of  the 
cell/elements  of  magnetic  circuit. 

a)  the  area  of  the  pole  piece- 

For  the  calculation  of  magnetic  circuit,  it  is 
necessary  to  know  the  value  of  mecharical  load  and  the 

corresponding  to  it  course  of  the  armature  of  relay.  If 

during  armature  travel  load  changes,  then  calculation  one 
shculd  conduct  for  the  values  of  load  and  course,  that 
correspond  to  the  projecting  points  of  mechanical 
characteristic. 


These  values  can  be  considered  assigned,  since  they  can 
be  determined  from  the  mechanical  characteristic  of  the 
contact  system  of  relay. 
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For  providing  sufficient  reliability  of  operation,  it  is 
necessary  that  the  attracting  force  of  the  armature  of 
relay  with  working  coil  current  would  be  more  than  the 
nominal  load  of  armature  kp  once  where  kp  is  a safety 

factor  on  attracting  force. 


The  value  of  coefficient  kp  usually  is  within  the 
limits  from  2 to  4.  Therefore  with  the  nominal  load  of 
armature  Fa  magnetic  induction  by  steel  of  the  magnetic 
circuit  of  relay  must  not  exceed  1.0-1.  2 mj,  (10000-12000 
G)  - 


The  optimum 
loads  depends  on 
induction  in  the 
relay. 


value  of  area  *$»  in  the  assigned  range  of 
the  most  economical  value  of  magnetic 
saturated  part  of  the  magnetic  circuit  of 


Magnetic  flux 
in  the  absence  of 
tines  more,  but  in 
times,  it  is  more 
Therefore  to  avoid 


of  heel  (of  framework)  due  to  scattering 
the  pole  piece  is  approximately  2-3 
the  presence  of  the  pole  piece  1.2-1. 6 
than  in  the  working  gap  of  relay, 
saturation,  stopped  magnetic  circuits  the 


DOC  = 78012409 


PAGE 


great  value  of  induction  in  working  gap  Br  Bust  not  exceed 
0.5-0. 8 ml  (5000-8000  G)  . 

The  most  advantageous  value  of  the  area  of  the  pole 
piece  can  be  determined  from  condition  (4-90)  for  the 
greatest  conditional  work  of  the  relay; 


whence 


,+*A.  + (£^H 


(*+V<)3 


‘ (4_9^ 

In  this  fornula  enters  the  value  of  the  specific 
resistor/resistance  of  steel  Am,  therefore  the  solution  it 

can  be  found  by  the  method  successive  finding  of  with  the 
aid  of  ( 4- 24a)  and  (4-26). 


Figures  4-44  gives  experimental  the  curves  of  th< 


dependences 

of  the  attracting 

force  of 

relay 

of  the  type 

RKN  on  the 

diameter  of  the 

pole  piece 

with 

different 

an  pe  re-turns 

and  the  course 

of  armature 

0.8 

mm. 

Page  19  3. 

From  these  curves  it  follows  that  the  most  advantageous 
diameter  of  the  pole  piece  decreases  with  an  increase  in 
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the  ampere- turns  of  function. 


For 

determining  the 

optimum  diameter 

cf 

the  po 

le  piece 

of  valve 

type,  relay  v. 

V.  Vishniovskiy 

proposed  t 

he 

empirical 

formula,  giving 

good  results  within 

limits 

from 

200  to  600  a c*\f>ext  4urn5- 


dn.1 r = I*(l  -0,001  AW.)  + 0,851 4e,  (VW) 


where  6 

is 

a working  air 

gap 

in  4 

the 

dia  meter 

of  core 

in 

mm  and  AWt  - 

the 

ampere-tur  ns 

of  the 

function 

cf  relay. 

b)  the  diameter  of  core. 


? nominal 
armatu'i  and  the 
(course  of  armat 
characteristic  of 
determination  of 
assigned. 


calculated  value  of  the  mechanical  load  of 
corresponding  to  it  working  air  gap 
ure)  can  be  determined  from  the  mechanical 
relay.  Therefore  these  values  during  the 
the  diameter  of  core  can  be  considered 


The 

most 

advantageous 

value 

of  the  diameter  (s 

of 

core 

can 

be  determined 

when 

selecting  of  the  o 

value  of 

the 

area  of  the 

pole 

piece  from  conditio 

the 

greatest 

conditional  work  according  to  formula 

ection) 
ptimum 
n for 
(4-98)  , 
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However, 

th  is 

calculation 

met  hod 

requires 

very 

much  time; 

therefore 

f or 

determining 

the  tentative 

valu  e 

of  the 

diameter 

of 

the  core  cf 

rela  j. 

we  will 

use 

the 

approximat 

ion 

empirical  formulas 

(4.82)  , 

( 4.  8 J) 

and  (4.84) 

Valve  type  relay  without  the  pole  piece. 


From  equation  (4-82)  for  the  greatest  calculated 
attracting  force  we  obtain  the  formula,  which  determines  the 
tentative  value  of  the  diameter  of  the  core  of  the  relay, 
which  does  not  have  the  pole  piece: 


j/" — = 0,47  ,yrFm  Y al,  (4-100) 


where  Fm  - the 

nominal 

load  of 

the  armature 

of  relay  in 

9#  0 working 

air 

gap 

in  mm. 

l and  do 

length  and 

the  diameter  of 

core 

in 

mm. 
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The  ratio  of  the  length  of  core  to  its 
miniature/small  relay  oscillates  usually  within 
approximately  from  3.7  to  6 , and  of  telephone 
6 to  8. 


diameter  of 
small  limits 
relay  - from 


Set/assuming  the  ratio  of  the  length  of  core  to  its 
diameter  for  this  type  of  relay  by  constant  and  designating 
this  sense  through  n,  we  find: 


Substituting 
from  last/latter 

whence  we  find 
diameter  of  the 
pole  piece: 


/ = nde-  (4-10D 

in  equation  (4-100)  instead  of  l its  value 
expression,  we  obtain: 

the  second  formula  for  determining  the 
core  of  relay,  which  does  not  have  the 


**0,86  Y an  =*  0,36/t/8V'o»»,  (4-100a) 


where 


is  ratio  of  the  length  of  cere  to  its  diameter. 
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Valve  type  relay  with  the  pole  piece. 

In  a similar  manner  from  equation  (4-38)  we  obtain 
formulas  for  determining  the  tentative  value  of  the  diameter 
of  the  core  of  relay,  which  has  the  pole  piece: 

.nVKTZty*  <4-102) 

or 


rfo  0.66  V F‘man  . 0,86 (an)1/5FmI/5.  ’(4-102.) 

<k,  I 

In  these  formulas  Fm  - force  in  g,  size/dimsn sions"^ 
and  o - in  mm. 


Page  195. 

Formulas  (4.  100)  and  (4.102)  give  sufficient  for 
engineering  calculations  accuracy  within  the  limits  of 
changes  in  the  diameter  of  core  approximately  froi  3 to  18 
mm,  the  lengths  of  core  from  20(10)  to  60(140)  mm  and  the 
value  of  working  air  gap  from  0.3  to  1.2-1. 5 mm. 
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Relay  with  the  pulled  armature. 


From 

attracting 
tentat ive 
with  the 


equation  (4.84)  for  the  greatest  calculated 
force  we  find  the  formula,  which  determines  the 
value  of  the  air-gap  diameter  (core)  of  relay 
pulled  armature: 


«« 1 , 08  Y FmVo,  (4-103) 


where  Fn  - force  in  ^ 4*  and  a - in  mm. 


This  formula  is  tentative  and  it  is  used  within  the 
limits  of  a change  in  the  air-gap  diameter  from  & to  125 

ram  for  the  electromagnets  with  the  pulled  armature,  which 
refer  of  the  length  of  coil  to  air-gap  diameter 
approximately  from  2.1  to  2.7  (3.8)  at  the  appropriate 

values  of  the  quantity  of  working  air  gap,  which 

located  between  curves  1 and  2 in  Fig.  4.36. 


are 
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Fig.  4-45.  Dependence  of  conditional  work  of  el ect c omag net 
cn  section  (diameter)  of  core  at  different  temperatures  of 
overheating  of  winding. 

Key:  (1)  g cm. 

Page  196. 


Figures  4-45  gives  the  curves  of  the  dependences  of 
the  conditional  work  of  valve  type  relay  on  the  section 
(diameter)  of  core  at  the  different  temperatures  of  the 
overheating  of  winding  and  two  values  of  the  ratio  of  the 
length  of  core  to  its  diameter. 
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These  curves  are  constructed  ty  authcr  according  to 

experimental  materials  for  the  open  relay  (without  jacket). 

When  selecting  of  the  diameter  of  core  with  the  aid 
of  these  curves,  it  is  necessary  to  proceed  from  working 
load  of  relay,  which  must  be  2-4  times  more  than  nominal. 

The  surface  of  the  pole  of  relay  is  usually  2.5-4 

times  greater  the  section  of  core  (diameter  of  the  pole 
piece  1.6-2  times  of  the  more  diameter  of  core). 

The  advantageous  relationship/ratio  between  the  surface 
cf  pole  and  the  section  of  core  increases  of  proportionally 

to  the  value  clearance  and  decreases  with  an  increase  of 
the  load  of  relay  (core  induction).  During  large  inductions 

application/use  of  the  pole  piece  does  not  give  necessary 
effect  and,  on  the  contrary,  can  lead  to  an  increase  in 

the  ampere-turns  of  the  function  cf  relay  (see  Fig.  4-20). 


When  selecting  of  the  size/dimensicns  of  magnetic 


circuit. 

it 

is  necessary  to  consider 

that  an  increase  in 

the  section 

of  core  and  surface 

of 

pole  gives 

an 

increase 

in 

triggering  tine  and 

release/t capering 

of  relay 

Therefore 

high-speed  relays  must 

have 

a magnetic 

circuit 

a small  section  without  the  pole  piece. 
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Figures  4-46  gives  curved  magnetic  flux 

distr ib  ut ions 

along 

the 

length  of 

the  core  of  relay  cf 

the  type 

R KN 

with 

the 

pole  piece 

and  without  it  during 

clearances 

0. 

and 

0.9 

mm  even  200 

ampere-turns. 

Prom 

these  curves 

it  follows  that  fcr 

relay  of 

the 

type 

RKN 

w it  h a = 0 

.9  mm  and  Aw  = 200  a 

ppl icat ion /use 

the 

pole 

piece  gives 

an  increase  of  the  useful  flow 

in 

clearance 

almost  two 

t i mes. 

c ) 'fhe  length  of  core. 


The  length  of  core  is  determined  in  essence  by  the 
size/dimensions  of  the  coils  which  depend  on  the  sensitivity 
of  relay  and  maximum  permissible  temperature  excess  of 
winding  (at  the  continuous  operation)  . 


Fig. 

4-46.  Flow  distribution 

along  the 

length  of  core  of 

relay 

of  type  RKN  during  AW 

= 200.  1 

- with  the  pole 

piece; 

2 - without  the  pole 

piece. 

Key: 

(1)  Wb. 

Page 

197. 

The  most  advantageous  heiyht/altitude  cf  the  winding  of 
the  relay  of  direct  current  does  not  usually  exceed  the 
diameter  of  core;  therefore  an  increase  in  the  cooling 
surface  can  be  reached  only  because  of  the  elongation  of 
coil. 


The 

length 

of  core 

must 

be 

more 

than  the 

length  of 

windi ng 

to  the 

thickness 

of 

the 

jaws 

of  coil 

plus  1-5  mo 

78012410 
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Disregarding  the  heat  removal  through  the  jaws  of  coil 


and  accepting 

the  height/altitude 

of 

the  winding  of 

the 

equal  to  0.7 

di a meters 

of 

core. 

we 

obtain  for  the 

cooling 

surface  of  the 

wind ing 

of 

relay 

t he 

following  expression: 

S*  - " [Do  + (D»  + 2A)1 1 H = n(2dc  + 1 ,4dc)  lH  = 3,4nMc.  (4-104) 


From  formula  (9.53a)  for  the 
have  jacket,  ve  find: 


170*/”, 


relay. 


which  does  not 


where  Pw  - the  highest  efficiency,  consumed  by  relay  during 
continuous  duty. 


Substituting  in  equation  (4.104)  instead  of  S « its 
value  from  last/latter  expression  and  solving  equation 
relatively  ^ we  obtain  formula  fcr  deteriining  the 
tentative  value  of  the  smallest  length  of  the  winding  of 
the  open  relay: 


ViKipr 

i9,ind  V«> 


.207  |/T£  , . 


(4-105) 


If  the  temperature 


of  the  overheating  of  winding 


is 


equal  to  7 0°C, 


then 
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The  minimum  length  of  the  winding  of  the  relay. 


protected 

by  jacket. 

will  be  equal  to: 

(4-105a) 

The 

ratio  of  th 

e length  of  core  to  its 

diameter  of 

normal  an 

d telephone 

relay  usually  is  within 

the  1 imits 

from  6 t 

0 10. 

With 

an  increase 

in  the  length  of  core. 

decreases  the 

value  of 

useful  flow 

in  working  clearance  and 

incr  eases 

triggering 

time  and 

release/tempering  of  relay- 

Therefore  for 

a high-speed  relay  and  the  electromagnets,  working  it  is 
short-term  (in  pulsed  operation),  the  ratio  of  the  length 
of  core  to  its  diameter  has  considerably  smaller  value 
from  3 to  6. 


For  normal 

and 

time-lag  relay 

the 

application /use 

short  cores  is 

not 

rational,  since 

in 

this  case  they 

increase  the  dia 

metei 

of  coil  and 

the 

average  length 

turn,  increases 

t he 

consumption  of 

copper  and  decreases 

triggering  time 

and 

release/tem  pering 

of 

relay. 

of 


of 


Page  198 
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d)  The  most  advantageous  size/dimen 

According  to  formulas  (1-1) 
consumed  by  the  winding  of  the 
the  pole  piece,  it  is  possible 
expression : 


sions  of  coil. 

and  (4-72a) 
relay,  which 
to  write  the 


for  the  power, 
does  not  have 
following 


p=r  "p  lO-^/o'K*  <!>.  + *) 

3,85.10-«J*,A|A/* 


(4-106) 


Consequently,  at  the  constant  values  of  the  amount  of 

the  attracting  force  and  working  air  gap  (course  of 

armature)  the  power,  consumed  by  relay,  inversely 

proportional  to  the  diameter  of  pole  core  to  degree  to  3/2 
and  total  cross  sections  of  copper  of  winding  (IhkJ,  and 
directly  proportional  to  the  length  of  the  mean  turn  of 

winding. 


Outside  diameter  and  the  length 
the  overall  dimensions  of  relay  and 
relay  they  are  constant  values. 


of  coil  are  limited  to 
therefore  for  this 


The  outside  diameter  of  the  winding  cf 

D ■ Dq  -f-  2h  — axdc  -f-  2h, 

where  at  is  the  coefficient,  which  considers 


the  re  lay 
(4-107) 


of  the  insulation  between  the  core  and  the 


the  thickness' 
winding.  Value 
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a1  is  within  the  limits  from  1.05  to  1.15-1.2. 

Fiom  last/latter  equation  we  obtain  expression  for  the 
height/altitude  of  the  winding: 


A-  D—'d° 

" 5 


(4-107a) 


Substituting  in  equation  (4-106)  instead  of  h and  D0 
their  values  from  last/latter  expression,  we  obtain: 


L . *+<. 

0.385^. 


(4-108) 


where 


fc-sSfe-  *nd 


Let  us  introduce  instead  of  the  diameter  of  core 
relative  value  dJDi ; then  equation  (4-108)  can  be  rewritten  in 
the  following  form: 


(4-108m) 


page  199. 
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From  this  equation  it  follows  that  if  we  increase  the 


diameter 

of  core. 

then 

within  limi 

t 4 « 

/),(*- 

0)  and 

t he 

power 

, necessary  for  the 

function 

cf  re 

lay. 

will 

a 

pproach 

infinity. 

If  we,  o 

n the 

contr ary. 

waist 

of 

core 

t 

o zero 

(h  * 

0. 

5 D)  , the  n 

the  power  of  th 

e function 

of 

re 

lay  wil 

also 

approach  in  fin 

ity. 

For 

deter  min  ing 

the 

cond it  ions 

under 

whic 

h t he 

power. 

consu 

med 

by  relay. 

will 

have  small 

value,  le 

t us 

eq  uate 

zero 

der 

ivative  of 

equat 

ion  (4-108) 

for 

value 

<*»; 

w 

e obtai 

dP  (Di ' 

-dc)</2~ 

(Z>1  + rf0)  (1,5(0,- 

■'cK72— 

0 

((Z), -rfc)^]* 

V,  - 

whence 

{Dl  — dc)  dc  - 1 ,5  (/>•  — d*)  + (Dl  + d0)  dc  - 0 
or 

1 .5dc  + 2Z),rfc  — 1 ,5Z)f  = 0. 

First  solution  to  this  equation  gives  the  condition 
under  which  the  power,  consumed  by  the  winding  of  relay, 
will  have  the  minimum  value: 

<*o  «=  = 0,535 D1  - D.  (4-109) 

(Second  solution  to  equation  with  minus  sign  of 
physical  sense  does  not  have)> 


i 
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Substituting  in  (4-109)  instead  of  D its  value  from 
equation  (4-107),  we  find  the  advantageous  relationship/ratio 
between  the  height/altitude  of  winding  and  the  diameter  of 
the  core  of  the  relay: 

do-  ^(^+2*), 

*1 

whence 

* = 0,435^4*  (4-11°) 

If  the  value  of  coefficient  at  is  equal  to  1.1,  then  h = 
0.48  4* 


PAGE  A&  (JU3— 


After  substituting  in  (4.108)  instead  of  value  D of 
its  value  from  expression  (4-109),  we  will  obtain  equation 
for  a minimum  power  coefficient,  consumed  by  the  relay: 


D a ^ e 0»«>35tfo  a 3,3 

(rfe-o.raw,).^  Plrfp 


(4-1086) 


At  the  derivation  of  these  formulas,  the  value  Qf  duty 
factor  was  accepted  by  constant,  not  depending  on  the 

diameter  of  core.  However,  virtually  the  value  of  duty 
factor  decreases  with  an  increase  in  the  diameter  of  core. 


According  to  equation  (4.107a)  with  an  increase  in  the 


diameter  of  core  decreases  the  height/altitude  of  winding, 

and  if  turn  number  must  remain  constant/invariable,  then  the 
diameter  of  wire  and  duty  factor  decrease. 
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With 

an 

increase 

in 

t he 

diameter  of 

core  of 

relay  of 

the  type 

RKN 

f r om  7 

to 

16 

mm  and  wit  h 

winding 

with  28,000 

turns  the 

wire  diameter 

decreases  from  0. 

12  to  0. 

08  mm. 

The 

duty 

factor 

of  the 

wire 

of 

th  e br 

and 

of 

P3l 

during  a 

change  in 

the  diameter  < 

of  w 

ire  from 

0.08 

to 

mm 

can 

be  expressed 

depend ing 

on 

the 

diameter 

of 

the 

of 

relay 

of 

the  type  BKN  by 

the 

follow  i ng 

approxi 

matii 

for 

mula: 

k. 

,5^:  0,85 

j—  0,2 

* t»c  • 

In 

this 

case  formula  (4- 

1 08) 

will 

take 

the 

f 0 

rra 

P*»pf 


(D1  + rfe)rf°c-2 

(D,-dc)d^ 


= P. 


^ + <*0 
(Dl  — dc)dc3  ’ 


(4-108$ 


and  the  advantageous  relationship/ratio  between  the 
height/altitude  of  winding  and  the  diameter  of  core  will  be 
equal 


h 0,520^  0,57  dc.  (4-111) 


For  relay  with 
force*  according  to 
square  of  air-gap  di 


the  pulled  armature, 
formula  (4-76)  , is 
ameter  (to  section 


the  attracting 
proportional  to 
of  armature)  . 


the 
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In  this  case  the  most  advantageous  height/altitude  of 
the  winding 


336 

(4-112) 


If  we  consider  assigned  (constant)  not  outside  diameter 
of  winding,  but  the  outside  diameter  cf  the  screen  of 
plunger  relay,  then  the  most  advantageous  height/altitude  of 
winding  will  be  equal  £4-41] 

h^0,42d„.  (4-112a) 

Figures  4-47  gives  the  curve  of  the  dependence  of  the 
power,  consumed  by  the  winding  of  relay  (in  the  relative 

units),  on  the  ratio  of  the  height/altitude  of  winding  to 
the  diameter  of  core,  constructed  according  to  formula 


(4-  .08) 
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Fig.  4-47.  Curved  of  dependence  of  power  of  function  of 
relay  on  relation  h/de  with  constant  value  D. 


Page  201. 


From  this  curve  it  follows  that  during  the  deviation  of 


the  height/altitude  of  the  winding  of  relay  from  the  most 

I A,  = 0,76-  dc, 

advantageous  value  over  wide  limits:  from  hi  = 0,25- <4up  Fo“^ 


the  power 

, consumed 

by  the  winding 

of  relay,  it 

i ncre  ases 

not  more 

than  by  lOo/o. 

Therefore 

of  miniature/small  and 

miniature 

relay  the 

ratio 

of  the 

height/,altitude 

of  winding 

to  the  diameter  of 

core 

usually  is  within  the 

limits  from 

0.5  to  1 

.0,  and  of 

the 

relay  of 

large  overall 

sizes  from 

0.25  to  0.5. 
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With 

the  assigned  magnitude 

of  the  diameter  of 

CO 

re 

and  other 

equal  conditions,  the 

power,  consumed  by 

rel 

ay 

decreases 

with  an  increase  in 

altitude  of  winding. 

but 

this  case 

the  overall  size  of 

relay  increases  beca 

use 

o 

an  increa 

se  in  the  diameter  of 

the  ceil  of  relay. 

Lot  us  i 
he igh  t/a It it  ude 
Co  on  we 


ntroduce  into 
of  winding 
will  obtain: 


equation  (4-106) 
h relative  value 


P = Pi 


1 + — 

+ * 0,  + <<c 

Vd>h  VTl  * • 


instead  of  the 
h/dc  and  replace 


(4-106a) 


Consequently,  with  increase 
approaches  the  limit,  equal 


in  h power 
t o Pi/K rfj. 


asynptot icall y 


Figures  4-48  gives  the  curve  of  the  dependence  of 
power  (in  the  relative  units) , consumed  ty  relay,  on 
relation  h/dc  with  a constant  value  d 

From  this  curve  evident  that  the  relation  ty<,  one  ought 
not  to  take  more  than  unit,  since  the  required  power  in 
this  case  is  little  affected,  but  the  consumption  of  copper 


rapidly  increases 
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Fig.  4-48.  Curved 

of 

dependence  of 

power 

o f 

function  of 

relay  on  relation 

with 

constant 

value 

Page  202. 

e)  "Che  size/dimensions 

of 

housiny. 

base 

a nd 

armature. 

The  section  of  housincj  and  base  (framework)  of  relay 
to  avoid  saturation  must  be  not  less  than  the  section  of 
the  core: 

Sn-S^Sc.  (4-113) 

The  width  of  housiny  is  determined  by  the  construction 
of  contact  system  and  by  a quantity  of  contact  gcoups.  For 
a decrease  in  the  overall  sizes  cf  relay#  the  width  of 

housing  must  not  be  more  than  the  outside  diameter  of 

coll. 
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The  thickness  of  housing  5,  depends  cn  its  width 
and  it  must  be  equal  tc: 

*.=  J1.  (4-114) 

“h 

However,  it  is  necessary  to  note  that  the  thickness  of 
housing  must  be  sufficient  for  providing  the  necessary 
rigidity  of  construction  and  stability  of  the  adjustment  of 
relay.  Base  (framework)  must  be  additionally  checked  to 
saturation  in  the  site  of  joint  with  core. 

Magnetic  flux  falls  into  the  base  through  the  lateral 
surface  of  the  cylinder  whose  diameter  is  equal  to  the 
diameter  of  core  d,  and  height/altitude  - to  thickness  of 
base  b0. 


To  avoid  the  saturation  of  base  in  the  place  of  the 
transition  of  flow,  must  occur  the  following  inequality: 


whence 


(4-115) 
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Fig.  4-49. 
length  of 


it) 


Curved  magnetic  flux  distributions 
magnetic  circuit  of  relay  of  type 


a long 
RKN. 


the 


Key:  (1).  Core.  (2).  Housing.  (3).  Armature.  (4). 

ampere-turns.  (f>/  WV 


Page  203. 

Figures  4-49  gives  curved  magnetic  flux  distributions 
along  the  length  of  the  magnetic  circuit  of  relays  of  the 
type  RKN,  constructed  by  V.  V.  Vishniovshiy. 

The  section  of  armature  can  be  accepted  less  than  the 
since  induction  of  the  end/lead  of  the 


section  of  core. 
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core  is  considerably  less  than  in  its  base: 

5,  25(0,6-+- 1,0)  S0.  (4-116) 

All  these  relationship/ratios  are  especially  tentative 
and  therefore  the  basic  dimensions  of  all  cell/elements  of 
the  magnetic  circuit  of  relay  must  be  refined  after 
verifying  calculation.  In  this  case,  it  is  necessary  to 
focus  attention  on  that  so  that  would  be  provided  the 
reserve  on  attracting  force  not  less  twofold. 

f)  the  course  of  armature. 

Reluctance  stopped  magnetic  circuits  with  light  loads 
usually  less  than  the  resistor/resistance  of  clearance,  and 
therefore  for  sensitization  of  relay  was  desirable  the  slow 
speed  of  armature.  However,  a decrease  in  the  course  is 

led  to  an  increase  in  the  gear  ratio  of  armature,  which 

# .» 
complicates  the  construction  of  relay.  Furthermore,  relay 

with  the  slow  speed  of  armature  requires  greater  accuracy 

during  production  and  possesses  the  smaller  uniformity  of 

the  parameters. 

P 

Therefore  relay  usually  have  comparatively  large  course 
of  armature  (approximately  from  0.4  to  1.5  mi)  and  only  in 

t 


(I 
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high-speed  relays  for  an  increase  in  speed  of  response  the 

course  of  armature  decreases  to  0.25-0.4  mm.  Polar  relays 
have  a course  of  armature  0.05-0.15  mm.  The  relays, 
intended  for  interrupting  of  high  stresses  and  currents, 

must  possess  the  large  course  of  armature. 


9) 


< h 


e distance  between  contacts. 


The 

gear  ratio  of  armature  (relation  of 

the 

a 

rms  of 

armature 

and  bridge)  with 

the  assigned  course 

depen 

ds  on 

distance 

between  contacts 

and  the  construction 

of  c 

on  tact 

system. 

In  electromagnetic 

relays  the  distance 

betwe 

en 

contacts 

usually  is  within 

the  limits  from  0. 

3 

to 

0.9  mm. 

Applied 

the  gaps  among  the  contacts  of  less 

0.3 

m 

m should 

not  be  that  as  a result  of  erosion  is  reduced  the 
reliability  of  the  operation  of  contact  system. 


Telegra  ph 

type 

high-speed  relays 

with 

t he 

special 

constr ucti on 

of  contact  system 

and  s 

pecial 

relays  with 

platinum  contacts. 

workers 

with 

light 

electrical  loads. 

have 

considerab ly 

smal ler 

distances  between 

contacts 

f r om 

0.05 

to  0^25  mm. 

Belays 

with 

silver 

contacts. 

t he 

breaking 

stresses  are 

above 

100  V, 

they 

must 

ha  ve 

a 

distance 

among 

the  contacts 

of  more  than 

0.  3 

mm. 
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The  dependence  of  the  breakdown  voltage  between  contacts 

from  air-gap  clearance  is  given  in  Fig.  18-7. 

* 

Page  204. 

4-13.  Calculation  of  magnetic  systems  for  minimum  space  and 
we  ight. 

The  overall  dimensions  of  relay  and  its  weight  depend 
on  the  full  load  of  armature  with  the  assigned  magnitude 
of  working  clearance,  frcm  the  power,  necessary  for 
function,  and  also  from  the  construction  cf  the  magnetic 
and  contact  systems  cf  relay.  with  a decrease  in  the  load 
of  armature  and  working  air  gap  and  with  an  increase  in 
the  power  of  function  overall  dimensions  and  the  weight  of 
relay  decrease. 

However,  with  a decrease  in  the  space  of  relay  and  an 
increase  in  the  required  power,  grow/rises  the  temperature 
of  the  overheating  of  winding.  Therefore  the  size  decrease 
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c£  relay  with  the  assigned  load  of  armature  is  limited  to 
the  greatest  permissible  temperature  of  the  wire  insulation 
cf  winding. 

The  weight  of  relay  is  composed  cf  the  weight  of 

steel  of  magnetic  circuit,  weight  cf  copper  of  winding, 
weight  of  contact  system  and  all  remaining  elements  of  the 

construction  of  relay. 

The  weight  of  contact  system,  base  of  the  relay, 
jacket  and  other  elements  of  its  construction  it  is 

possible  to  consider  proportional  to  the  weight  of  active 
materials  (they  began  magnetic  circuits  Qc  and  coppers  of 
winding  Qu)\  therefore  the  weight  of  the  relay 

Q^kt(Qc+Qu),  (4-117) 

where  k2  is  a proportionality  factor'. 

The  weight  of  steel  of  magnetic  circuit  in  grams 

tentatively  can  be  expressed  by  the  following  formula 

nd • 

Qt  - sLyJc?  10-»  = -^Lkt7,8  ■ 10  ',  (4-1 18) 

where  s is  a section  of  magnetic  circuit  ia  mm*,  L - the 
average  length  of  magnetic  circuit  in  mm,  - the 

diameter  of  core  in  mm,  - density  they  stopped 

j f 

' 

. ' ■ _! 
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(Yc  — 7,8  g/cm3),  k4  - the  coefficient,  considering  the 

nonuni t orm i t y of  the  section  of  magnetic  circuit  over  its 
length  and  the  weight  cf  the  protruding  (inactive)  parts  of 
the  core,  armature  and  housing- 

The  average  length  of  steel  of  the  magnetic  circuit  of 
the  relay 

L = Uc  + 2lH  = 2lc  + 2ktlc, 

where  lc  is  length  of  core,  - the  length  of  the 

active  part  of  the  armature  or  base,  which  can  be  counted 
to  the  proportional  length  of  core,  and  k5  - 

proportionality  factor. 

Substituting  in  equation  (4-118)  instead  of  L its  value 

from  last/latter  expression,  we  obtain: 

nd * 

Qc  = — 2/c(l  +*,)A47.8-10'*  = 12,25- 10-*fc4(l  +fc1)/cdj.  (4-118.) 


Page  205. 

The  weight  of  copper  of  winding  in  grans, 
known,  is  expressed  by  formula  (6-8)  ; 


as  is 
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Q*~  nlKh(Dt  + h)  iO  »ktyH, 


where  D0  - an  inner  diameter  of  the  winding  of  relay 

(diameter  of  coil  form)  in  mm,  by  h - a height/altitude 

cf  winding  in  am,  lH  - length  of  winding  in  mm,  k3  - a 

duty  factor  of  winding  space  and  Y«  - density  of  copper 

(Vm  == 

^ g/c m3)  . 

Values  D0  and  h can  be  considered  proportional  to  the 
diameter  of  the  core: 

D , fljrfc  H h Me  (4-119) 

The  length  of  the  winding  of  relay  can  be  counted  to 

the  proportional  length  of  the  core 

/„  stifle-  (4-119a) 

After  substituting  into  equation  (6-8)  instead  of  D0  h 
and  i„  their  values  from  (4-119)  and  (4-119a),  we  will 

obtain  for  the  weight  of  copper  of  the  winding: 

Qu  = 8,9  • lO^n^a^edc  (atdc  + a^c)  = 0,028/c.a^, 

where 

a4  = a»a*  ( ai  + a*)- 

Consequently,  gross  weight  of  relay  in  grams  can  be 
expressed  by  the  following  formula: 


e~*,[12,25.10-»A4(l  +*»)/^  + 0,028tf4VMi]  ■= 

“ 12,25  • 10**,  [A4(l  + kt)  + 2,29b4AJ  ^ «,*  (4-120) 
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For  Vdlve  type  miniature/s  mall  relay  by  weight 
approximately  from  20  to  300  g,  shielded  by  jackets,  the 
value  of  coefficient  k2  varies  within  limits  from  1.6  to 

2.  For  the  relay,  which  do  not  have  jackets,  k2  = 

1.2-1. 6. 

The  value  of  coefficient  k4  for  a similar  relay  is 

found  approximately  within  limits  from  0.9  to  1.6,  and  the 
value  of  coefficient  k5  varies  usually  frcm  0.2  to  0.5. 

The  advantageous  value  of  coefficient  a2  in  the  case 

when  the  attracting  force  of  the  armature  of  relay  is 

proportional  V^c.  is  equal  to  0.72-0. 9.  However,  virtually 
value  a2  is  selected  within  limits  from  0.7  to  1.0,  since 

with  a2  = 0.72  diameter  of  the  wire  of  the  winding  of 

miniature/small  relays  is  obtained  fcy  very  small  and  value 

kj  considerably  decreases. 

Coefficients  a,  and  a3  have  approximately  the  following 
values:  a,  = 1.05-1.15  and  a3  = 0.8-0. 9. 

Page  206. 

If  we  accept:  k2  = 1.8;  k2  = 0.5;  k4  = 1.3;  k5  » 
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0.  35; 

a i = 1.1;  a 2 ~ 

0.  7 

and 

a j = 

0.83, 

t hen 

1.  045 

and  approximate 

values 

of 

g toss 

weight 

of 

re  la  y. 

shielded  jacket. 

will 

be 

eg  ua  1 

to; 

Q 2,25  iO  ^l  ,8  [1,3(1  -f  0,35)  + 2,29- 1,045  0,51  = 

= (0,0387  + 0,0263)  W*  = 0,065ZorfJ.  (4-120a) 

Thus,  the  weight  of  relay  tentatively  can  he  considered 
proportional  to  weight  they  began  core. 


Diameter 

and  the 

length  of 

the 

core 

of  relay  depend 

on  the  peak 

loa  d of 

armature. 

a m c un  t 

of 

working 

c lear  ance 

and  power,  necessary 

for  the  function 

of 

relay. 

with  an 

increase  in 

the  power 

, consumed 

by  relay 

during 

fu ncti on. 

decreases  the 

diameter 

and  the 

length 

of 

core. 

However, 

during  the 

the 

cooling 

surface  of 

teape  rature. 

Therefore  a 

of 

the  magnetic  circuit 

armature  is 

limited  to 

for 

the  wire 

insulation 

operation. 


size  decrease  of  core,  dec 
winding  and  grow/rises  its 
decrease  in  the  overall  di 
of  relay  with  the  assigned 
the  greatest  temperature,  pe 
of  winding  during  prolonged 


ceases 

■ensions 
load  of 
rmissible 


the  winding  of  the  relay, 
t he 


Temperature  excess  of 
shielded  by  jacket,  above 


temperature  of  surrounding 
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air,  is  expressed  by  the  approximation  formula  (9— 5 3 b) ; 

. 200- V 200- W* 

“W"’ 

where  Pm  - the  power,  scattered  by  winding,  in  H,  S„ 
the  calculated  cooling  surface  of  the  winding  of  relay  in 

cm*,  Pt  - power  of  the  function  cf  relay,  K,  - a safety 

factor  on  current  or  actuation  voltage  at  the  moment  of 
the  connect  ion/inc  lusicn  cf  relay,  k,  - the  coefficient, 

which  considers  a change  in  the  required  power  as  a result 
of  an  increase  in  winding  impedance  ct  relay  during  its 
heating-  The  value  of  coefficient  k%  can  be  determined  from 

formula  (9-13).  For  current  relay 


. , « 234  5 + ©,+©  „ »4j  + © 

l +«(8— e.)=  1+2Sp+e;-  2S4,5  + aT  254,5 


while  for  voltage  relay 


234,5  + ©,  _ 254,5 

- Ja4>  + ©.+©  “ 254X+T  • 


where  O,  is  the  temperature  of  surrounding  air  whose  value 
we  take  equal  to  20°C- 


if  the  calculated  cooling 
relay  is  yiven  in  mm*,  then 
following  form: 


surface 

formula 


of  the  winding  of 
(9-53b)  takes  the 


4520 PJCfr 

»~-yzr- 
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The  calculated  cooling  surface  of  the  winding  of  relay 
(without  taking  into  account  of  faces  of  coil),  is  equal 
to: 

SK  = n [Z)0  -f-  (Z)0 '+  2ft)]  l*- 

Page  207. 

Let  us  substitute  into  this  equation  for  D0,  h and  lK 
cf  their  value  from  expressions  (4-119)  and  (4-1 19a);  then 

SH  = 2nat  + fla)  Wc. 


where  l„  is  length  of  core  in  mm  and  d#  - the  diameter 
of  core  in  mm.  Substituting  in  (9-53fc)  instead  of  SH  its 
value  from  last/latter  expression,  we  obtain: 

4520Pc^{Jtg 

* = FT^vai+‘.)W’ 

whence  we  find  formula  for  determining  the  smallest  length 
of  the  core  of  relay  (in  mm)  depending  on  the  temperature 

cf  the  overheating  of  winding  and  power  cf  the  function: 


(4-121) 


■fcatr* 
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_ V{<&WK\ktf 

^na3  ( al  + **) 


For  miniatur e/small  voltage  relay, 
safety  factor  on  the  actuation  voltage 
the  moment  of  connection/inclusion  and 
coefficients  a,  = 1.1,  a2  = 0.7  and 


if  Ke  accept  the 
equal  to  Kj  =2 
the  remaining 
a3  = 0.83,  then 


(4520-2*  "Mfi.  p~yf  " •. 

0*  (254,5  + $)*  -“4**  • 0,83»  - {!,*,+ . d> 


50  ■ tO*. 


254,5  .J*,  T. 


(255J+*yTJ  ‘ <4-121*) 


for  miniature/small  current  relay,  the  safety  factor 
spill  current  K3  is  necessary  to  take  less  than  two  to 
avoid  the  large  overheating  of  winding. 


At  the  temperature  of  the  overheating  of  winding  d 
70°C  power,  consumed  by  voltage  relay  at  the  moment  of 
connection/inclusion  with  K,  = 2,  is  equal  to  the  power, 

consumed  by  current  relay  with  Kt  = 1.57. 

Taking  value  Kt  = 1.57,  we  obtain  for  current  relay 
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V ^.l  /"  l«W-1.67^ (254,5  + 0)i>J» 

V "S**.®*  • «•  • 4*«  • 0,J8»  ■ <1  ,1  + 0,7)*  d*  = 

_ 1,2510*  1/r|(254,5+^)i»„l* 

IT'V  -l  • 


Jr~ 

(4-121^) 


Fage  208. 


If  the  greatest  permissible  temperature  of  the 
overheating  of  winding  is  equal  to  70°C,  then  the  smallest 
length  of  the  core  of  voltage  relay  with  Kt  = 2 at  the 
moment  of  connection/inclusion  and  current  relay  with  K'|  = 

1.57  will  be  identical  and  are  equal  to: 


l***^rV PI-  [mm]. 


(4-121*) 


The  power,  consumed  by  the  winding  cf  relay  during 
function,  is  expressed  by  formula  (1-1): 


Pe  = C -AWl, 


where  C - the  averaged  resistor/resistance  of  one  turn  of 
winding  in  ohms  and  AWe  - ampere-turns  of  the  function  of 

relay. 


The  value  of  the  averaged  resistor/resistance  of  one 
turn  of  winding  according  to  formula  (6-13)  is  equal  to: 
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r-  «P(/>o  + A)  <0-» 

; w,  * 

where  D0  - an  inner  diameter  of  the  winding  of  relay  in 


mm,  h - a height/altitude  of  winding  in  mm,  /„ 


length 


of  winding  in  mm,  p - the  resistivity  of  the  material  of 
wire  in  {?»mm2/m  and  - a duty  factor  of  winding  space. 


Let  us  substitute  into  equation  (6-13)  instead  of  D0, 
h and  /„  their  value  from  expressions  (4-119)  and 
(4-1 19a);  we  will  obtain: 

r = V1 e)-<0~»_  «p  • 10~*  («t  -h  a,)  ^ ■ 1Q-.  /a  , q \ 


a*lcatdck» 


<Wc*, 


<M*> 


where 


a?_±£i 


Valve  type  relays  are  manufactured  in  two  modifications: 
with  the  core,  equipped  with  the  pole  piece,  and  with  core 
without  the  pole  piece.  Let  us  examine  tcth  cases. 


a)  Relays  without  the  pole  piece. 


The  ampere-turns  of  the  function  cf  valve  type 
ainiature/small  relays,  which  have  core  as  diameter 
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approximately  from  3 to  18  mm  and  as  length  from  20  to 
80  mm  without  the  pole  piece  within  the  limits  of  a 
change  in  the  working  air  gap  from  0.3  to  1.2  mm,  are 
expressed  by  the  approximation  formula  (4-74) : 


50, 


l/  n^j/7 

V vn  ■ 


where  F - load  of  armature  in  grams  and  a - the  working 
clearance  in  mm,  which  corresponds  to  the  critical  point  of 
the  electromechanical  characteristic  of  relay. 

Page  209. 


Substituting  in  equation  (1-1)  instead  of  C and  AW 
their  values  from  expressions  ( 6—  13  a)  and  (4-74),  we  obtain: 

P . «.*P  • 10-*  _ 0,1425 aSVoj  (4_122> 

po^  ST"50-9  ysi  ktyi>Vdl  ■ v 

After  substituting  into  expression  (4-121)  instead  of  P0 

its  value  from  (4-122),  we  obtain: 

. Z /0,1425V  Vo*'?'2  Z 1 0,1425a, F \s/2 

rfcU *,V7iV*i)  ~~ dclcdc/i ^ *•*  ) ' 

Solving  this  equation  relatively  Ic,  we  find: 

««*> 


In  expressions  (4-121)  and  (4-122)  enters  the  diameter 
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of  the  core  of  relay.  The  most  advantageous  value  of  the 
diameter  of  the  core  of  relay  at  the  assigned  load  of 

armature  and  this  working  air  gap  occurs  in  the  case  when 
the  greatest  magnetic  induction  in  steel  cf  magnetic  circuit 

is  equal  to  1.0- 1.2  ml. 

With  an  increase  in  the  induction  more  than  1.0-1. 2 
ml,  load  characteristic  of  relay  begins  tc  be  bent,  and 

sharply  increase  the  magnetizing  ampere-turns  and  the 
required  power. 

The  smallest  value  of  the  diameter  of  the  core  of  the 

relay,  which  does  not  have  the  pole  piece,  with  the 
assigned  load  of  armature  F,  working  air  gap  a and  to  the 
length  of  core  l is  expressed  by  the  approximation  formula 

(4-100)  : 

<*c  0,47  Yf  \fol. 


Substituting  in  this  equation  for  l its  value  from 
(4-123)  and  solving  the  obtained  equation  relatively  4*.  we 
find  formula  for  determining  the  throat  diameter  of  the 
core  of  valve  type  relay,  which  does  not  have  the  pole 
piece,  depending  on  the  load  of  armature  and  temperature  of 
the  overheating  of  the  winding: 
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°** 

0#,1“ 


(4-124) 


If  we  substitute  into  equation  (4-123)  instead  of  ^ 
its  value  from  last/latter  expression,  then  for  the  length 
of  the  core  of  relay  we  will  obtain: 


lc  ***! 

Z -,/  f0,442-a,\i 
1.0,47  V l k, 

p**« 

ft.I41l0f.il 

#»•»»* 

(4-125) 

The 

small 

value  of 

the  weight 

of 

relay. 

which  does 

have 

t he 

pole  piece 

, according 

to 

formula 

(4-120),  will 

equal 

• f 

o 

*-> 

Q <^0,01225 kt  [kt{l  -(-  kt)  + 2,29a4fca) 


fcSrVT^Tx 


X 


ft.ltlgl.M7 

#535?  • 


(4-126) 
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Page  210. 


For  rainiatur e/sma 11  voltage  relay,  if  we  accept  the 
values  of  coefficients  egual  to:  K,  = 2;  at  = 1.  1;  a2 

0.7;  a3  = 0.83  and  d = 70°C,  then  calculation  formulas 

(4-123),  (4-124),  (4-125)  and  (4-126)  they  are  simplified: 


j 3.61F*'*7®*'** 


(4-1 23a) 

(4-124&) 

(4-125a) 


Q **  TO*, 5 X »)».»,  ~ 0,965 (4-126.) 


These  equations  are  valid  also  for  current  relay,  if 


K*  ! = 1.57. 


Substituting  in  (4-122)  instead  of  <4  its  value  from 
expression  (4-100),  we  obtain  for  the  power  of  the  function 


of  relay  another  formula: 

' 0.142W>y 


^ -Sgp.  <«-<*•) 
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The 

power,  consumed  during 

the  function 

of 

the 

relay 

of 

minimum 

weight,  is  determined 

w it  h t he 

aid 

of 

foraula 

(4- 

122) 

by 

means  of  substitution 

instead  of 

l 

and 

do  their 

values  rrom  expressions  (4-124)  and  (4-125). 


In  certain  cases  during  calculation,  is  assigned  also 
the  power  of  the  function  of  relay.  if  the  amount  of  the 
assigned  power  proves  to  be  less  than  the  power,  determined 
by  formula  (4-122),  then  the  length  of  cere  it  is 
necessary  to  increase  against  the  minimum  value,  found  from 
(4-125)  . 


In  this  case  for  determining  the  length  of  core,  one 
should  use  the  formula  (4-122a)from  which  we  find: 

»-/  \mlm  ( 0,442 •«£\***  #***#* 

'-l— «_)  .-(-^)  ^-.,-,^27, 

where  P«  — the  assigned  wagnitude  of  the  power  of  the 

function  of  relay. 


Substituting  in  (4-100)  instead  of  ~L  its  value  from 

last/latter  expression,  we  obtain: 


(4-128) 
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The  weight  of  relay  in  this  case  will  be  equal  to 

+*.1  + 2,26.^]  (4.129) 

c 

Page  211. 

For  a miniature/small  relay  at  the  taken  above 
of  the  coefficients  of  formula  (4-  127),  (4-  128)  and 
they  are  simplified: 

fc*^2,63  — (4-127a) 
dc  ^ 0,6  (4-128*) 

and 

Q**  0,0614  (4-129*) 

B)  relays  with  the  pole  piece. 

The  am  per  e- 1 urns  of  the  function  of  valve  type 


va lues 
(4-129) 


miniature/small  relays. 


which  have  cores 


as  diameter 
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approximately  from  3 

to 

18 

ram  and  as 

lengt  h 

from 

80  mm  with  the  pole 

piece 

within  the 

li  mits 

of 

in  the  working  clearance 

from  0.3  to 

1.2-1. 5 

mm , 

expressed  by  ths  approximation  formula  (4-75): 


20  to 
change 
are 


AWC^ 


W 


where  4,  - a diaweter  of  the  pole  piece  and  afc  - ratio 

of  the  diameter  of  the  pole  piece  to  the  diameter  of 
core. 


The  advantageous  relationship/ratio  between  the  diameter 
of  the  pole  piece  and  the  diameter  of  cere  increases  of 
proportionally  to  the  value  clearance  and  decreases  with  an 
increase  of  the  magnetic  core  induction.  Its  value  usually 
is  within  the  limits  from  1.5  to  2. 


let  us  substitute  into  expression  (1-1)  instead  of  C 
and  4#*  their  values  from  (6-13a)  and  (4-75);  we  will 

obtain: 


(4-130) 


Substituting  in  equation  (4-121)  instead  of  J*«  its 
value  from  (4-130)  , we  obtain: 
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Solving  this  equation  relative  to  X , we  find: 

Page  212. 


The  smallest 

value  of 

the 

diameter  of 

the 

core  of 

relay  with  the 

pole  piece 

at 

the  assigned 

load 

of  armature 

F,  working  air 

gap  a and 

the 

length  of  core  l 

, is 

expressed  by  for  aula  (4-102): 

dc^0,71  YfVai. 

Substituting  in  this  expression  for  1 its  value  f roa 

(4-131)  and  solving  the  obtained  equation  relatively  do,  we 
find  the  formula  for  determining  the  throat  diaaeter  of  the 
core  of  valve  type  relay,  which  has  the  pole  piece: 

<«■> 

If  we  substitute  into  equation  (4-131)  instead  of  dc 
its  value  from  last/latter  expression,  then  we  will  obtain 

for  the  length  of  the  core  of  the  relay: 


1 

• 


(4-133) 


The  small  value  of  the  weight  of  valve  type  relay. 
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which  has  the  pole  piece,  according  to  formula  (4- 120) , 
will  be  equal  to: 


Qu  ~ 6,17  • 10  **,  (*4(1  + *b)  + 2,29a4A,]  ^ (Ak 


JNiWgltU 


(4-134) 


For  miniatur e/small  voltage  relay,  if  we 
values  of  coefficients  equal  to:  Kj  = 2;  a4 

0.7;  a 3 = 0.83;  a6  = 1.6;  d = 70°C,  then 
formulas  (4-13  1),  (4-  132),  (4-1  33)  and  (4-134) 

simplified  : 


accept  the 
= 1.  1;  a2  = 

calculation 
they  are 


ViFV*T*  (4-131.) 

de ** 2>79  - * .035 p*.**.™,  (4-132.) 

. ' 370CWw,1**o*,<’« 

/c  ^ t»(^i;S  + »)f-«T  = 9,95fM*«0M"  (4-133.) 


and  . . 

Qu  1855  — 0,675F».“*a».*.  (4-134.) 

These  equations  are  valid  also  for  current  relay,  if 
K • t = 1.57. 


Substituting  in  (4-130)  instead  of  d,  its  value  from 
formula  (4-102),  we  obtain  for  the  power  of  the  function 

of  relay  another  foraula: 


p 0,183^fKo»  0,a06a1 

• sv»  v « 5s  v > kb  /'• " 


(4-135) 


Page  213. 

The  power,  consumed  during  the  function  of  the  relay 
of  minimum  weight,  is  determined  usually  with  the  aid  of 
formula  (4- 130)  . 


i 

i 


If  is  assigned  also  the  power  of  function,  but  the 
amount  of  the  power  of  function,  determined  with  the  aid 
of  formula  (4-130),  will  prove  to  be  more  than  assigned, 
then  the  length  of  core  it  is  necessary  to  increase. 


In  this  case  for  determining  the  length  of  the  core 
it  is  necessary  to  use  the  formula  (4-135)  from  which  we 
find : 


0,306a, ‘a1  ■»  yVn  _ /0,306a,  \M» 

I \ k»V*J 


. (4-136) 


A0-A066  134  FOREIGN  TECHNOLOGY  OIV  FRI6HT-PATTERS0N  AFB  OHIO  F/G  9/1 

CALCULATION  OF  ELECTROMAGNETIC  RELAYS  FOR  EQUIPMENT  FOR  AUTOHAT— ETC fU> 
MAR  7G  MI  VITENBERG 

UNCLASSIFIED  FTD-IDC*S>T-01t9-7B-rr-l  NL 

6™  6 


— • 

s 

— 

m 

•• 

tJz£. 

— 

— 

• — 
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For  a miniature/small  relay  at  the  assigned  above 
values  of  the  coefficients  of  formula  (4-  136),  (4-1  37)  and 

(4-138)  they  are  simplified: 


lo**  0,935 


dc**0. 


(4-1 36a) 
(4-1 37a) 


and 


(4-l38a) 

If  load  and  the  adjnstnent 

of  relay 

do 

not  c 

ha  nge 

then  for  the  dependences  of  the 

dia  nete  r 

of 

core 

and 

weight  of  relay  on  the  power  of 

function 

we 

find 

f ron 

equations  (4-137)  and  (4-138)  the  following  expressions: 

<«-«»> 

c 

and 

where  A,  and  A*  - constant  coefficients. 


Page  214. 


In  the  case  when  the  length  of  core  does  not  change. 
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then  with  a constant  value  of  load  and  adjustments  of 
relay  for  changing  the  diameter  of  the  pole  piece  within 
small  limits  we  obtain  from  equation  (4-130)  the  following 
expression : 


(4-130«) 


where  A3  - constant  coefficient. 


For  relay  of  the  type  R£S1Q,  the  diameter  of  core  is 
equal  to  3 mm,  weight  6.5  g the  value  cf  coefficients  A* 
= 2.41  and  A2  = 1.12. 


For  relay  of  the  type  RDCG,  the  power  of  function  is 
equal  to  0.0132  W,  the  diameter  of  the  pole  piece  8 mm 
the  value  of  coefficient  A3  = 0.446. 


Figures  4-50  gives  the  curves  of  the  dependences  of 
the  diameter  of  core  and  tentative  weight  of  relay,  similar 
relays  of  the  type  RES10,  on  the  power  of  function. 


To  whole  those  who  were  given  above  relationships  are 
derived  on  the  basis  of  the  empirical  formulas,  obtained  by 
author  with  the  aid  of  the  experimental  characteristics  of 
valve  type  miniature/small  relays,  which  have  cores  as 
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diameter  from  3 to  18  mm  and  as  length  from  20  to  80 
mm.  These  relationship/ratios  one  should  use  for  the 
calculation  of  valve  type  miniature/small  relays,  which  have 
the  size/dimensions  of  core,  which  are  placed  within  limits 
indicated  above. 
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Fig.  4-50.  Carved  of  dependences  of  diameter  of  core  and 
tentative  weight  of  relay,  similar  relays  of  type  RES  1 0 on 
power  of  function. 


Key:  (1).  W. 
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However,  with  some  assumptions  these  formulas  can  be 
also  used  for  tentative  calculations  of  the  miniature 
relays,  which  have  the  diameter  of  core  of  less  3 mm  and 
the  length  of  less  20  mm.  In  this  case,  it  is  necessary 
to  consider  that  of  miniature  relay. 


especially  in 
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where  F - load  of  armature  in  grams  and  a - working 
clearance  into  mm,  which  correspond  to  the  critical  point 
of  the  electromecha nical  characteristic  of  relay. 


Substituting  in  equation  (1-1)  instead  of  C and  jHfr. 
their  values  from  expressions  (6-13a)  and  (4-77),  me  obtain: 


* (4-199) 


Let  us  substitute  into  expression 
its  value  from  (4-139);  we  obtain: 

— « sai  -j:  J 


Solving  this 
for  determining 
armature)  during 


equation  relatively 
the  smallest  length 
continuous  duty: 


of 


(4-121)  instead  of 


ve  obtain  formula 
coil  (core  and 


For  voltage  relay,  if  we  accept  the  values  of 
coefficients  equal  to:  Kt  = 1.35;  a,  = 1.1;  a2  = 0.5;  a3 

= 1.0  and  9 = 70°C,  then 
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and  the  smallest  lenyt.h  of  the  winding  cf  relay  Jill  be: 

, _ 78,8  / 1,84.3,2/ Vi*  6 

*7* ) TO*'.  t ) ■ (4-|4°*' 
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These  formulas  are  tentative  and  are  used  for  the 
relay,  which  have  air-yap  diameter  from  6 to  125  mm,  the 
ratio  of  the  length  of  coil  to  air-yap  diameter 
approximately  from  2.1  to  2.7  (3.8)  at  the  appropriate 

values  of  the  quantity  of  workiny  air  gap  (course  of 
armature),  that  are  located  between  curves,  given  in  Fig. 
4-36. 


For  facilitation  and  simplification  in  the  computations 
in  appendix  3,  are  given  dependence  curves  of  values  y* 
from  the  value  of  base  y at  the  different  values  of 
exponent  x within  limits  of  the  values  of  base  y from  1 
to  100  and  x from  0.1  to  1.5  (6.0). 


For  determining  the  values  y*  with  values  y,  it  is 
less  than  1 and  more  than  100  one  should  present  these 
values  in  the  form  of  fraction  or  products,  for  example: 


0,065“ 


•,5* 

100* 


or 


650*  = 6,5*- 100*. 


4-14.  Specific  consumption  of  materials  and  the  weight  of 
relay. 

During  the  design  of  the  magnetic  systems  of 
electromagnets  and  relay,  it  is  necessary  to  most  rationally 
utilize  materials.  The  correctly  designed  electromagnet  has 
smallest  weight  and  overall  size  per  unit  of  useful  work. 

The  ratio  of  the  weight  of  electromagnet  to  the 

greatest  value  of  its  conditional  operation  at  the  maximum 
temperature  of  the  overheating  of  winding  is  called  specific 
expenditure  of  materials  whose  value  characterizes  the 

cost-effectiveness/efficiency  (quality)  oi  the  construction: 

Z>=£.  (4-141) 

For  each  form  (of  type)  of  the  magnetic  system  of 

elect romag not  are  optimum  rela tionsh ip/rat ics  between  the 
attracting  force  and  the  course  of  the  armature  by  which 
the  weight  of  electromagnet  reaches  minimum  value. 
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Experiment  shows  that  larger  thrust  have  the 
electromagnets  with  the  high  diameter  cf  core. 

The  advantageous  value  of  induction  ter  this  ty pe  of 
electromagnet  can  be  considered  a constant  value  within  some 

limits;  therefore  from  equation  (4-6Ja)  it  follows  that  the 

diameter  of  core  is  proportional  to  square  root  of 

attracting  force; 

'd=W:}»V*  = aVF. 

n 

Page  217. 

The  length  of  core  depends  ori  the  magnetizing 

ampere-turns  of  the  windings  which  are  proportional  to  the 
value  of  the  course  of  armature.  Therefore  the  ratio  of 
square  root  of  attracting  force  to  value  course  of  armature 

characterizes  the  form  (type)  of  electromagnet  and  does  not 

depend  on  its  s izo/d  intensions.  This  sense  is  called 
structural  index  or  the  st ruct ur al/des ign  factor  of  the 
elect  romagnet.: 

n=TT-  (4-142) 

It  is  experimentally  establish/installed  that  for  each 
form  (of  type)  of  electromagnet  the  small  value  of  the 

specific  consumption  of  materials  is  included  within  some 
specific  limits  value  of  structural  index. 
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The  absolute  value  of  the  value  of  the  specific 
consumption  of  materials  variably  depenus  also  on  the 
size/dimensions  of  electromagnet  £4-22]. 

Experiment  shows  that  for  each  form  (of  type)  of 
electromagnet  the  minimum  value  of  the  specific  consumption 
of  materials  occurs  with  r.cme  specific  limits  of  the  value 
of  struct ural/des ign  factor. 

For  valve  type,  electromagnets  the  smallest  value  of 
tnc  specific  consumption  of  materials  occurs  during  a change 
cf  the  structural/design  factor  within  limits  from  2.6  to 
26,  for  solenoid  type  electromagnets  with  conical  stop 
from  1 to  20,  for  solenoid  type  electromagnets  (iirect 

system)  w it  h flat/plane  stop  - from  16  tc  90,  for  two-coil 
beam  relay  armature  - from  6 to  200  and  for  solenoid 

long-stroke  electromagnets  (without  stop)  the  value  of 
strucfcural/design  factor  less  than  0.2. 

The  dependence  of  the  greatest  conditional  work  on  the 
weight  of  relay  and  temperature  of  the  overheating  of 
winding  can  be  obtained,  it  we  disregard  the  saturation  of 
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magnetic  circuit  and  the  e effect  of  leakage  fluxes. 

Let  us  substitute  into  equation  (4-92a)  insteai  of  P 

and  Bt  their  values  from  expressions  (9-84)  and  (4-28)  ; let 

us  assume  that  da  and  6 are  proportional  to  <i  and  will 
replace  d by  its  value  from  expression  (4-120);  wa  will 
obtain: 

Am  = a.O  ^Q(VtJ  " a'W'U  - (4-143) 

Figures  4-81  gives  the  curves  of  the  dependences  of 


conditional  work 

on 

t h e 

weight  of 

valve 

typ 

>e  relay  at 

different  values 

of 

the 

temperature 

of 

the 

over h ea  t ing 

the  windings,  constructed 

by  author 

on 

the 

basis  of 

experimental  materials.  The  deviation  of  these  curves  from 

straight  lines  at  the  low  values  of  weight  is  explained  by 

the  relatively  larger  course  of  armature,  establ  ish /inst  al  led 
of  the  specimen/samples  of  relay  No  2,  3 and  4. 

Page  218. 

Within  the  limits  of  the  weight  of  relay  from  8 to 

2300  Qt  the  indicated  curves  are  virtually  straight  lines 

and  they  can  be  approximated  by  the  following  approximation 


formulas: 
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at  » = 70°  C 

jtf,-0.55#M*<*0,41<?,  (4-144.) 

at  • « 50»C 


A„-0M<f*"**0,XQ. 
Figures  4-52  gives  the 

the  specific  consumption  of 
valve  type  relay  (without 
winding  into  30  and  70°c, 
curves  of  Fig.  4-51. 


(4-1446) 

curves  of  the  dependences  of 
materials  cn  the  weight  of 
jacket)  with  the  overheating  of 
constructed  with  the  aid  of  the 


From  the  curves 

of  Fig. 

4-52,  it  follows 

that 

with 

the 

overheating  of 

winding  in 

70°C  and  weight 

from 

4 

to 

30 

g the  specific 

consu  uipt  ion 

of  materials  varies 

from 

1.  9 

to  2.1  g to  one  gram-  centimeter  of  conditional  work. 


With  a further  gain  in  weight  of  relay  to  2300  g, 
the  specific  consumption  of  materials  increases  to  2.9 
g/0*cm. 


A considerable  increase  in  the  specific  consumption  of 
materials  during  reduction  in  the  weight  cf  relay  from  4 
to  1.8  g is  explained  by  the  relatively  larger  course  of 

armature  of  a saall  relay. 
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Fig.  4-51.  Carved  of  dependences  of  conditional  work  on 
weight  of  valve  type  relay  at  different  values  of 
temperature  of  heating  of  winding. 


Key:  (1).  Puel  and  lubricants.  (2).  g. 
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With  the  overheating  of  winding  in  30°C  and  the  weight 
of  relay  from  4 to  2300  g,  the  specific  consumption  of 
materials  does  not  virtually  vary  and  composes  approximately 
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3-5  g/o-coi. 


fl  iniature/sma  11  sealed  relays  have  the  specific 
consul  ption  of  materials  2. 5-3. 5 g/o»cn  with  a = 70<>C. 


.-to. 
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Fig.  4-52.  Curved  of  dependences  of  specific  consumption 
materials  on  weight  of  valve  type  relay  (without  jacket) 
different  temperatures  of  overheating  of  winding. 


Key:  (1).  g/®.»cm.  (2).  g. 


4-15.  Besetting  ratio. 


The  ratio  of  the  ampere-turns  of  release/tempec ing  t 
the  ampere-turns  of  function  is  called  the  relay  reset 


<4446) 


coefficient: 
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Resetting  ratio  has  great  value  during  the  coincidence 

of  mechanical  and  electromechanical  characteristics  of  relay. 
For  an  increase  in  the  relay  reset  coefficient  with 

external  hinged  armature,  it  is  necessary  to  increase  the 
height/altitude  (thickness)  of  the  plug  of  loosening  and  to 
decrease  the  course  of  armature. 

Figures  4-53  gives  tentative  the  curves  of  the 
dependences  of  the  resetting  ratio  of  the  different  types 
of  relay  on  the  height/altitude  of  the  plug  of  loosening 
(remanent/residual  nonmagnetic  gap  after  the  attraction  of 
armature).  Dotted  lines  plotted/applied  the  curves  of  the 

dependences  of  the  ampere-turns  of  function  in  the 
percentages  of  these  relays  on  the  height/altitude  of  the 
plug  of  loosening. 
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The  course  of 

armature 

of 

relay 

of 

the  type  RdCG  is 

equal  to  0.1  boi. 

relay 

of 

the 

type 

RMU 

- 0.35  mm,  relay 

of  the  type  RKU 

o 

• 

00 

mm 

and 

relay 

of 

the  type  RF1I17 

1.7  BUB. 


A 

relay 

of 

the 

type 

REN  17 

is 

loaded 

by  t wo 

changing 

over  and  by 

two 

circ 

uit 

ciosi ng 

con  tacts. 

the  rela 

ys 

of 

types 

RKN  , 

RKM-1 

an  d 

RMU 

- by 

two 

stud 

switches. 

A 

rela  y 

of  the 

type 

RDCG 

has 

rigid  coni 

:act 

system 

with  on 

e 

stud 

switch. 

From  curves,  given  in  Fig.  4-53,  it  follows  that  with 
an  increase  in  the  permanent  air  gap  of  relay  of  the  type 

RDCG  from  0.1  to  0.4  mm  the  value  ot  the  resetting  ratio 
of  this  relay  grow/rises  approximately  from  0.39  to  0.74, 
and  the  ampere-turns  of  the  function  of  relay  in  this  case 

increase  2.27  times. 

With  increase  in  altitude  of  the  plug  of  loosening 
from  0.1  to  0.5  mm  and  loads,  indicated  above  the 

resetting  ratio  grow/rises  at  a normal  relay  of  the  type 

RKN  from  0.12  to  0.59,  of  a test  relay  of  the  type  RKN 
(diameter  of  pole  9 mm)  from  0.3  to  0.67;  of  relay  of 

type  RKM- 1 from  0.27  to  0.64,  but  of  relay  of  the  type 

REN17  from  0.18  (with  60  = 0.2  mm)  to  0.39.  The 

ampere-turns  of  the  function  of  these  types  of  relay  with 

• » iictMN  6a  to  0.5  grow/rise,  correspondingly,  to  40, 


60,  18  tmd  15o/o, 
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Fig-  4-53.  Curved  of  dependences  of  resetting  ratio  and 
am pere-tur ns  of  function  of  relay  cn  height/altitude  of  plug 
of  loosening.  1 - type  RMU ; 2 - type  FDCG;  3 - type  RKN 
(test  «■“’*  ; 4 - type  5 - type  of  RKN 

noraal;  6 - type  RE  N 1 7. 
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The  power,  consumed  by  relay  of  the  type  RE  N 1 7,  is 
great;  therefore  the  application/use  of  a plug  of  loosening 
by  the  height/altitude  of  lore  than  0-5  an  is  impossible 
due  to  the  overheating  of  winding.  To  considerably  decrease 
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the  course  of  armature  of  relay  of  this  type  for  an 
increase  *»  also  is  not  represented  possible  due  to  the 

need  of  providing  the  ample  clearance  between  contacts  (it 
is  not  less  than  0.9  mm)  and  a sufficient  contact  pressure 
(20-25  G)  with  flexible  contact  springs. 

The  greatest  resetting  ratio  *,  = 0,84  has  relay  of  the 
type  RMU,  with  load  by  two  stud  switches  and  60  = 0.5 

■n. 

The  ampere-turns  of  the  function  of  relay  of  the  type 

RHU  with  60  = 0.5  mm  increase  two  times. 

The  relay  reset  coefficient  depends  also  on  the  load 

of  armature  (number  of  contact  springs  and  pressure  in 
contacts).  With  an  increase  in  the  load  of  the  relay  of 


types  RKN,  RKM-1, 

REN17 

and  RMU 

the  resetting 

ratio 

increases,  but  a 

highly 

sensit ive 

relay  of  the 

type  RDCG 

on  the  contrary,  it  decreases. 

It  is  necessary  to  note  that  the  calculated 
(certified/rating)  relay  reset  coefficient,  which  do  not  have 
continuously  variable  control  of  course,  is  always  lower 
than  real  approximately  to  40-60o/o,  since  the  calculated 
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aa pere-tur ns  of  function  usually 
than  actual,  but  the  calculated 
re lease/tempering  - to  30-50o/o 


to  10-20o/o  are  greater 
ampere-turns  of 
are  less  than  actual. 


Polar  relays  of  type  ftP  -5  with  the  current  of 
sensitivity  have  a resetting  ratio  «*  0,U5  0,97,  but  after 

an  increase  of  the  coil  current  up  to  the  value,  which 
corresponds  10  ab,  value  *■  decreases  to  0.65-0.85.  The 
relay  reset  coefficient  of  type  ftp-7  is  equal  to  O.&-0.5. 


Ilaxim  urn 
relay  - to 


value  resetting  ratio  reaches  at  magnitoe lectric 
0-99. 


4-16.  Calculation  of  the  permanent  magnets. 


The  calculation  of  the  permanent  magnets  is  conducted 
with  the  aid  of  demagnetization  curves  of  the  corresponding 
magnetically  hard  materials  from  which  are  made  these 
magnets  £~4-39,  4-40]. 


Magnetic  induction  along  the  length  of 
magnet  is  distributed  unevenly,  great  value 


the  permanent 
induction  has  in 
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the  mean  section  of  magnet. 


Por  determining  the  magnetic  induction  J*  iB  the  mean 
section  of  magnet,  it  is  necessary  tc  construct  in  Pig. 
4-54a  straight  line  which  is  carried  out  at  an  angle  y to 


the  axis 

of 

abscissas 

and 

it  intersects  demagnetization 

curve  of 

t he 

ma  terial 

of 

magnet. 
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The  tangent  of  angle  y is  determined  from  the 
following  formula: 


(4-146) 


where  lm  - length  of  the  permanent  magnet,  Su  - « section 

of  magnet,  G,  - permeance  of  working  air  gap,  , - a 

coefficient  of  scattering  magnetic  flux,  »»■  - scale  of  the 

voltage  of  field  along  the  axis  of  abscissas  and  m#  - 
scale  of  induction  along  the  axis  of  ordinates. 


In  this  formula  the  coefficient  of  scattering  the 
magnetic  flux 


®i  + C(  + Qy 



a 


(4-147) 
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where  C„  is  conductivity  of  edge  fluxes  cf  magnet  poles 

and  Gy  - leakage  conductance  along  the  length  of  magnet. 

The  value  of  coefficient  of  scattering  a in  the  various 
polarized  magnetic  systems  varies  within  limits  from  2 to  5 

(10). 


Magnetic  flux  in  the  mean  section  of  magnet,  obviously, 
is  equal  to: 

Working  air-gap  flux  of  magnet  considering  leakage  flux 
it  will  be: 

The  average  value  of  magnetic  inducticn  in  working 
magnet  gap 


B 


-V. 

» “ ram  ■ . 


44-R9) 


where  S , is  a section  of  working  air  gap. 
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Fig.  4-54.  Deter  aination  by  graphic  plotting  of  inducti 
aean  section  of  permanent  magnet. 


on  in 
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Magnetic  intensity  in  working  air  magnet  gap  is  equal 


to  magnetic  induction  in  this 


u o _ BJm  UJm 


(4-150) 


where  Ha  ia  aagnetizing  force  in  nagnet,  l9  - the  length 
of  working  air  gap  and  k - the  coefficient,  which 
considers  a decrease  (loss)  in  magnetizing  force  due  to  the 
presence  of  air  gap. 


The  value  of  coefficient  k varies  within  the  linits 
approximate! y from  1.2  to  1.5  and  can  be  accepted  on  the 
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average  equal  to  1.35. 


From  equations  (4-1u9) 
determining  of  section  and 
the  following  formulas: 


and  (4-150)  we  obtain  for 
length  of  the  permanent  magnet 


S* 


BmS,c 


(4-151) 


and 


. 1.35  BJ, 

1*=~bh  - 


(4-152) 


Magnetic  energy  of  the  permanent  magnet,  as  is  known, 
is  equal  to: 

(4-153) 

where  V is  space  of  the  peraanent  magnet. 


The  value  of  quantity  B on  demagnetization  curve  varies 
from  zero  to  Br,  and  the  corresponding  values  H are  froa  He , 
to  zero.  Consequently,  the  value  of  magnetic  energy  varies 
first  from  zero  to  maximum  and  then  again  it  drops  to 
zero. 


For  determining  maximum  energy 

of 

the 

permanent 

magnet 

it 

is  necessary  through  points 

»r 

and 

H. 

vith  Fig. 

4-55 

to 

conduct  by  dotted  line  in 

parallel 

to 

the  axes 
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coordinates  two  straight  lines  and  the  point  of  their 
intersection  to  connect  with  the  criqiri  of  coordinates  by 
straight  line. 


The  point  b4  of  the  intersection  of  this  straight  line 

from  demagnetization  curve  determines  the  optimum  values  of 
the  strength  of  field  Md  and  of  the  magnetic  induction  Bd 
in  the  mean  section  of  magnet,  during  which  magnetic  energy 
U has  great  value. 

Bn 

For  obtaining  the  magnet  of  the  minimal  sizes  of  value4 
and  Hu  in  formulas  (4-151)  and  (4-152)  must  have  values, 

the  close  to  optimum:  Bd  and  Ht. 


The  value  of  coefficient  of  scattering  depends  on 
size/diaensions  and  the  fora  of  magnet;  therefore  during 
precomputation  it  is  necessary  to  be  given  tentative  value 

r 

’ a and  to  conduct  calculation  by  the  method  successive 

j 

conducting  of. 

I 

f 
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Fig.  4-S5.  Deter aination  graphically  of  maximum  energy  of 
permanent  magnet. 


Page  224. 

In  manual  "permanent  magnets"  Q4-39]  is  given 

curve/graph  for  determining  the  tentative  value  of 
coefficient  of  scattering  for  three  simplest  circuits  of 

magnetic  circuit. 

Usually  the  permanent  magnets  are  utilized  in  the 
magnetic  circuit,  which  contains  armature  (pole  pieces, 
armature  so  forth),  prepared  from  mild  transformer  steel  or 
ni-span  alloys. 


If  in  this  case  the  permanent  magnet  is  remove/taken 
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Ml 


and  is  magnetized  separately  from  armature  (with  the  aid  of 
magnetizing  coil) , then  the  value  of  magnetic  induction  Bm 


in 

the 

mean  section 

of 

magnet 

will 

be 

det 

er mined 

with 

the 

aid 

of 

the  straight 

line 

0b1# 

carri 

ed 

out 

at  an 

angle 

7 i 

in 

Fig. 

4- 54b. 

The 

tangent  of 

angle 

7i 

for  a 

magnet 

without 

the 

a r ma  t u re 


‘»Yi  = 


_ VC»iqimH 


SMmB 


(4-146*) 


where  Gn  is  permeance  of  air  magnet  gap  without  armature 
and  #|  - the  coefficient  of  scattering  magnet  without 

armature. 

After  magnetization  the  magnet  is  collect/built  together 
with  armature,  the  real  value  of  the  air  magnet  gap 
decreases  and  its  permeance  increases,  which  corresponds  to 
the  straight  line  0b2,  carried  out  at  an  angle  jr2. 


The  tangent  of  angle  j2  for  a magnet  with  the 
armature 


*"•—*?*- 


(4-1466) 


whers  Gm  is  permeance  of  working  air  gap  (with  armature) 
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and  a2  - the  coefficient  of  scattering  magnet  with 
armature. 


However , 

after  the  connection  (assembly)  of 

mag 

net  with 

armature,  an 

increase  in  the 

magnetic  induction 

B 

up 

to  value  v 

as  a result 

of  an  increase 

in  the  conductivity 

of 

air 

gap,  will  occur 

not 

in  demagnetization 

curve,  but  in 

another  dotted 

curve. 

which  differs  little 

from  the 

direct/str  aight 

bjB'r 

and  called  curve 

of 

return . 

Rate  of  change  to  the  curve  cf  return  to  the  axis  of 
abscissas,  is  called  the  reversible  permeability  (ir.  The 


value  of 

induction 

in 

the 

mean  section 

of 

magnet 

Bm  is 

determined 

by 

the 

point 

of 

in  tersection 

f 

of  the 

au  xi liar  y 

straight 

line 

Ob  2 

from 

the 

curve  cf  return 

MBr. 

The  average  value  of  magnetic  induction  in  working  air 
magnet  gap  with  armature  mill  be  egual  to: 


Bm 


(4-148.) 


The  material  of  magnet  is  selected  taking  into  account 
the  provision  for  the  necessary  value  of  magnetic  induction 
in  working  gap. 


J 
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The  calculation 
successive  conducting 
magnet  are  selected 
given  up  by  magnet. 


of  magnet  is  conducted  by  the  method 
of,  moreover  the  size/dimensions  of 
in  such  a way  that  magnetic  energy, 
would  have  maximum  value. 


4-17.  Examples. 


1.  Let  us  determine  analytically  ampere-turns  of 


function 

of  relay  of  the 

type  RKN, 

if  load 

at  predicted 

critical 

point  w ith  a - 

0.7  mm  is 

egual  to 

510  £ (5 

newton)  . 

Diameter  of  the 

pole  piece 

1.5  cm, 

thickness  its 

3 mm. 

Diameter  of  core 

0.9  cm,  length  its 

6.7  cm.  Section 

of  housing  0.82  cm2.  Distance  = 2.1  cm  and  c = 1.3 

cm. 

permeance  between  core  and  armature  according  to  formula 
(4-28) 


G " n.t'Vr * • ifr*  - 0,75  <0-«)  - 0,nm  >b/&  ). 
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Permeance  of  Leakage  paths  according  to  formulas  (4.29) 
and  (4.30) 


Ci  _ 0,68ji,  (5,14  0,75  • lO"*  + 1,57  • 0.7  • ir«)  - 0,02^  [*6(»\^> 

Ht  = (2,1  - 0,75)  • 10-*  - 1,35  ■ 10"*  j<  A,- (2,1  + 0,75)  • 10-*  - 2,85  • 10  * *; 

c,  - 2,3  10-v.  (l  + !•$) 


Key:  (1).  tfb/A. 

Common/general/total  reluctance  of  the  working  air  gap 

(6T2i+'ti,02  + d,o6)|i#  “ 7T  £A/VVb3. 

Thickness  of  the  coatings  of  core  and  housing:  copper 
0.005  mm  nickel  0.01  mm.  Length  of  average  air  gap  0.045 
mm.  Area  of  the  joint  of  housing  with  armature  1.  5 cm2. 

The  reluctance  of  the  joint  of  housing  with  the 
armature 


. _ (0,008 + 0,0046)- 10- » 0.6 

— iXTFV. * C A/“b  ] 


Complete  reluctance  of  the  clearance 


I 
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*?03 


Area  of  the  joint  of  core  with  housing  0.5  cm2.  The 
reluctance  of  the  joint  of  core  with  the  housing 


. _ 0,00  JO-*  0,0 

*•"  6,5  i(ry, 


The  specific  conductivity  of  leakage  fluxes  according  to 
fornula  (4-39) 


r- 


Section  of  the  pole  piece 


* • • 1.5» . 10-4  , „ 

j — 1,T7  1C4 
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The  value  of  magnetic  flux  in  the  clearance  of  relay 
we  find  from  formula  (4-66) : 

0,  - V 2 4m  • 1<F» . 5-  1,77^0*  (1  + 100- 5 0,7  • ift-»)  - 5,48  • 10"*  »b. 

Coefficient  of  scattering  the  pole  piece 

. ci_  0,18  + 0,02  + 0,06 
*•"7“  535 ~1’27' 
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Value  of  nagnetic  flax  of  the  end/lead  of  tha  core 


©j  .0^.5, 48  10-‘- 1,27  -6,96  IQ-*  Kb. 


The  calculated  length  of  core  according  to  formula 


(4-19) 


, 6,7  • 10~*  ■ 3,53  (0,6  • 3,6  • 6,7  • 10~*  + 2)  

**  *“  sn -L  n r j.  s m . n « . « 7 . — 5,47- 10~*  * and  i,  — 1,23  10~*  m. 


The  maximum  value  of  flow  and  flew  value  of  heel  of 
relay  we  find  with  the  aid  of  formulas  (4-20a)  and  (4-21) 


®_  . «.» . 10-'  (i  + ] . «J8  10  - vvb  . 


Average  value  of  flow  in  core  according  to  formula 


(4-2  5) 


Average  values  of  induction  and  relative  permeability  in 
core  and  housing  of  the  relay 
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PARE 


b& 


_ 8,96  10-»  „ „ . 

B°  = 0®Tl07  “ 1,41  ml S Kc-IW 


8,95  • iO"» 


O.M  • IV  - . __  _ n 

0,82  10-«“i,0#  Bl 


>3500. 


Average  reluctance  of  the  unit  of  the  length  of  the 
magnetic  circuit 


<0* 


1700 • 0,638m  + 3500  0,82m CA/hb*B] 


Value  of  coefficient  g according  to  formula  (4—1 3a ) 

lipere-tarns  of  the  function  of  relay  according  to 
formula  (5-1) 


2 5,48  10-*  [8,7  • 10-*  (12,7  + 3,53  • 0.6  • 3,6)  + 

AWam  ~7>,»  tj.3,7 ! %n  + $'S!. i(H “235  ompere-lurns 

Ampere-turns,  necessary  for  conducting  the  magnetic  flux 
through  interpiece  space 


i<ir»"~*(«diH>,a*tf4  •■P»t«-t«rns  . 
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2.  Let  us  determine  tentative  values  of  fundamental 
parameters  of  miniature  voltage  relay  of  valve  type. 

The  full  load  of  the  armature  of  relay  at  the 
critical  point  of  mechanical  characteristic  is  egual  to  30 
G with  a = 0.3  mm. 

The  safety  factor  on  the  actuation  voltage  at  the 
moment  of  the  oonnection/inclusion  of  the  winding  of  relay 
let  us  take  as  equal  to  K,  ■=  2.  Greatest  temperature  of 
the  overheating  of  winding  let  us  take  • * 70*C. 

Por  simplification  in  the  calculation  of  the  value  of 
coefficients  vat;  a2;  a3;  a5;  a6 ; k3 ; k4  and  ks  let  us 


accept  as 

the 

same 

as  for  a 

miniature/small  relay  during 

the  derivation 

of 

ca lculation 

formulas. 

The  value  of 

coefficient 

* 2 

let 

us  accept 

equal  to 

2.  2. 

% 


A)  relays  without  the  pole  piece. 
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The  throat  diameter  of  core  is  determined  with 

cf  formula  (4-12  Ha): 

de  ««  «<»••»’•  - 0,94  • 30***  • 0,3»»"  -I  2,1  MM. 

i 

The  smallest  length  of  the  core  of  relay,  acr 
formula  (4- 125a),  will  be  equal  to: 

/„  16,3^»  - 16,3  • 30*««  • 0,3*  •»'  - 14,5  mm. 

The  power,  consumed  by  relay  during  function, 
through  formula  (4-122): 


0,1425.,/  V * 


0,1425  3, 1-30)^03* 

0,5  ysj* 


0.243  f. 


The  tentative  weight  of  relay  with  k*  = 2.2, 

to  formula  (4-120),  is  equal  to: 


0.081^* -0.01 -14,5 -2.1* -5,1  g. 


B)  relays  with  the  pole  piece. 

The  throat  diameter  of  core  is  determined  with 

of  formula  (4- 13 2m)  : 

i0mm  1,066  J0»-"0.6»-»»*- Wee. 


the  aid 


ording  to 


we  find 


according 


the  aid 


The 


smallest  length  of  the  core  of  relay,  according  to 
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formula  (4- 133a),  will  be  equal  tc: 

lcmm 9,86 • 30''*“  • <>,*••«»»  - 7,74  MM. 

The  power,  contused  during  the  function  of  relay,  we 
find  through  formula  (4-130): 


0.10*? /e*  _ 0,1»^3  -3,1  30 /By  

“ o^>  \W*  y ip . J.5*  " 0,m  B* 


The  tentative  weight  of  relay  is  equal  to: 


<?*.  0,06- 7,74 -2, 5* -3,0  g. 

Thus,  relays  with  the  pole  piece  has  by  30o/o  smaller 
weight  and  requires  for  function  tc  36o/o  smaller  power, 
than  the  relay,  which  does  not  have  the  pole  piece. 

If  the  power  of  the  function  of  relay  must  not  exceed 
0.1  H,  then  the  length  of  core  one  should  determine  by 
formula  (4- 136a);  we  have: 

_ ,u  _ 

Pag*  228. 


The 

diameter  of 

the  core  of 

relay  in  this 

accord ing 

to  fornula 

(4-102),  aust 

be  equal  to: 

4,«*o,7i  VryUm 

o.Ti  Vn  ycj  (U  - mi  — . 
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The  tentative  weight  of  relay  in  this  case,  obviously, 
will  be: 


Q~0,08  - 14,2  2,81* -8,9  g. 


Consequently, 

the 

decrease  in 

t he 

powe 

increase  of 

the 

over 

two  times. 

supplementary  req 
r of  function  to 
all  dimensions  and 


irement  for  a 
0.1  w is  led  to  an 
weights  approximately 


